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'ffTTcfnr ^TFffcr tt ‘ rarer sfreff afir fiprR" it awfa* w fan fRr 
I I anWTJT faffRT ffR ff Iff 3TRff f T Rf ff flff-TfR faffT I qf ffRTR TT 
ffffr tF^R ff ffffRT fT f?ff RTT? fffffRT ‘RSV. if fSTT «U I Iff fff 

<n fffffRT ^ £j=V ff ffff fffftfT ft spffirat fffflff fT ffffff fffffT ffffT 
| 1 ^t 'flT ST-stfa <n fffffKTT, W H fffcURT, £K ft SRfff t ffRR ffTHT 

% wfsrrarft RffffR nff ? fffR ft raff ftrat ark fff 1 stxf fw fft Tres-fffffa 
% spT^ff f raf ratst f fret ft qfrfraff fTrar rartffr i 

faffRl ffT F JRT f fsrtr fnffTfft ff I 5R ff^TRT ffPffT ff RffRff ffRR? ft 
ratfffT erarf afr, ?re ifff wt«t % fair ^-fiff fsRrran ft raffr i iff fF.ra ftffreT 
aret srsicT^if ff Ffff ff 'FT tirr ffra it ffTf^ra §q i ffrakfr ft fafrcsrrcr ft 
arqRTTT 3ff sfk faff 3Rff fraraff fT 'flt ffffff ffffRff fTf flfR fffffRT ffR t 

>o 1 

ifffffRt fffffT ffT fffft ffTfftff fit f^TTr I Iff fffTT 3TT|ffff ffTTfftff fffffT f 
ffTEUTfcfff ffRTff ft 3TR Tiff T Efflff ff?|Tff atTffffff ffffT I 

5ft^r ^T 

Iffff fff? ff*ft, fftffff f T fTff ffFT ITffTcffT ft qTffl f I ffff TTfffffT ft 
ffffffR f TffT I fft ffTff ff 3itT |ffff, Iff! ft ffft ft fff-fff if ffqfWT I, fffff 

srfff ffffFfff fRr f i TTfffqfn qTtwT ft fff Traiff |, it f w sfa sir§tt 

£RT fffg fTffT fffTTf jfTff fffR I I ffntsTT t ftfff-RTR fft fffl I trf 

tt fffftff f^r | ff ftff ft ffTffffr % fffir fftf f rat qi rr If t |Rt i q|fi 
| fTflf, ffTT | qftraffTff aflT fftffTT | fftWfT-fffWlfT i 
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STRafa fEfTSrTT TTfET affat 14:1 


am xa ax crf?r^ faxaix xr faaix art i am srram faatai ait anta an 

^Tcr | , aa aaai amm $$ am % | sft mfaa mtx ?wr % faq; axatat ft qa 
ftcrftaTaa 5 r n^ma ft i faatai t rntsn a faax-afaa ai ftai mmma ami 
f i mai ft aft, at at am ^r ax, axt aamia ai faaT fmi am am am aa% 
aa ami xfxaia at Faai a ax i afaa ara akaa sftx famia at f i at jra 
atm f , at aaxt at famt % faq aia aaix xf i am ft ^a at aft mai ftx 
at gt tfkrai f at fa.aata ft ata tai mrfaq i fei axt aaa ®tt-a? at famm 
aft axai mf^q; i afaa mm; ai rnfaa mat % aa mm; ait t aksra a faif amx 
xf i wa atat aiat % ^a t mfaa, aara mtx aiaaam % afa aaa aianr f i 

3 TsqrTc*r ^t an-enT 

mmm faatai am % ama faaix Jr mimrfcaa a§xif ftat f i |ar asat a, 
atf at am fT, aa% mma mtx ai^a atat aft ax aam mm tt t ?a sneaifcaa 
aa at atren aft ax aat i qa aix amm faatai am & g;ar nai fa arnica am 
f ? a?ft% a^T fa meana at atm mfaam fncsnf f. — 

"aat ft a§nt fami af f fa fat faxtsr afaa g?at ax amar ftat mifftr i 
a at aa at aat aaix at maaxamt aatafa sftx aifaaa famix aft 

mam i ama-ataa % afa arnica ai a feat a ifni aft ft aaai i ftaa at je 
ffaamt famimt aftx 35 ft ax mraTfxa fiar miff a, at aafxaaata ft, faxfaa ft i 
faxt Fa^sr as f fa mtrnaia at s.asr aftx afaaai a ^aixr famia fiar aif^ i 
ama at n;^gq ifrx afaaar ax fa^ara fiar aat afrx afsa am f , ^rfaa a? 
aiawa f i ataxt aia f , acf % aia vft ama at ^ai^i ar xataTx i aaa?na 
a a atat am afaaia f ^aa aamr atx ft af aia atft ai aaat f , ax^ ^af 
f fa ft aamt aft aT aaat i' M 

xmf ata fammt at ftx afaa xam axa |a araia faataT a aa arm 
aaa a a^r f .— 

1 ‘ amim ija^a f i aaa kr aa mia a ana x^a f , % asj ama 
at at Fan ax xsj f i fa shst at a| f fa ataa % fat faxtsr afaa ^?at ax 
«T3r (am xa ft tsfima ama) at aaxa f i w narx % aRaa afaa ijafT at 
ama a aa ax^ am f , a?r atat ir aa aaix % ?ifa f i ^afef aft 

amat fa aia a 5a a ftx faat at ara a aiaa-aa at faxta atfa aft amt 
aft 1 tfar as xarat a afaara aiat aat at, at qa faam f 1 ta ft at 
aft afaa 15m smsa am araa, xaa aaaia faama at aaxa ajm ft ama 
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ft i qk f fe % q^ fqs qftqr arenpr fqT fa an 1 ? M qq ari qfaq ark anr^T 
TT5TT qqT qT T^T |, faq # STTR- faqqt | I 3# faq fqif sfST ^ # qTq 3TTcff | l" 
“3T6iITc5T-^T ^TU fasm q|[ (falT fa JT?f % 5R # qfaq |l qc^ H 
qfaq qfkq q# sfrqT i faq fa# qq if qgqr #, qqfqkr qq faqq |, f fa 
*r qqqfr farofjT qfr frq qrar 1 1 qffq'fa Jr fqqTq-qq ft qqrqi 1 1 $rfaq afrenr- 
q<5 q gffaq q^ - fmr, qq% qiq # q^qT | — qi| g;w qq if q| m qqq if q|, 
fqq^Tq qq if fa qf qrqqq qq if, ^ett# q| jtt §x[-fa#q qq if— ir ^ ifa # 
qsfa I afk #if— iffaq affaT Sff^s I l 3 TTf^T | fa q*[ faqq ^RTf qf | l ffa 
$® f[q qq; qqir qqq qkT" ark fax q§ zz armf 1 zz anifat, q^t ^ 

qqq ^ffarfr 1 qqrrq faq q<jrar if q^- |, qq ann qq qgq q# fkr 1 
qq; |fa # qgfa I, qgt qqr skr i" 

''qk# ^sx | qrfaqfq # qqm 3 fk qfkqx — (g;fa# q°q qfqs# 3 ffa 
^TT^'Tf) iff 3fq# 5155 ^qfaq fa 3fT5f 3xxf3prqfr qfaqm qcTcfr I I fafafaf # qqqq 
if qqq fqqqx |— q?rfq qqjiq xrraqr qfr axrsq | 1 sxxfaqxef qft c’srtt afk qfa- 
5Tfn #T #qq if qiqX arqrqq | 1 qgfq sfrqq % faq %q ax^aff qfX q^TT qfa |; 
3 fqw q-gafr qrr qra #qf | afk qcqsrr stt^ut ^ ^fa-qfq qq irq qiqr sttctt 
1 1 q§ qsr I, ?rfaq q^ ## qTf^q fa qrfoTqtq ^ | ark qisq | r” 

3fTqiq faqkr qfa q arcqTcq 3)k fa?nq if qq^q qq qw fqqT | I %$ qfq 
# EqTq q gfT aqfqq iff afra-f^q; 3fk afisqfRqq; fqspTq % fa^ ^fqTqTftq 

fWT fr# Affair 1 iq% fair Ifjfqfaq TTqTqq q# qqq'fqr | I qq fqq'fqr % 

^rqrq’TT qrq?# fq^qfafaq fa^K afisqiffqqf fgieiT % q?q if ar^q q^xqyf |. — 

"^qqtqTq# # qTqFm qrr qfa % qiffffqqr ^fa^iq ir crqr fq$rq 

*qiq | 1 f^qt Ti^^nqi 1 3fk q^ qqqfT qq^qrq qrq- 1 1 3f^ ; 5;ii#q qfe if # 
qqqfT ?qrq qfsmq | fr 1 qrq-qrq qq f|?|?qrq % qrq-qTs qr#f efmt % faq; 
%q-g?q qqTq qpq |, fq^q qfxfaq 3fk Efq'-sriqfa qfT q;qjqf^ afTEnq | 1 ^q qqfiq; 
qifqqr qfk ^ # q^ q^ffq qf^t qT qqr# | I afk qiqqfar qff qqfq qfqir q ‘faE^tq 
qqrqqq’ ^q ^qxq fT q^ qqq qq-qT^lfa ^fqiqq qff # qq:Tqq qqy qTq;q ^q 
qr# 1 1 i;qfqq qfar-qmk zfe q qt q| q?q qqqt qi# q# wqr 1 qk'f qfaqf 
f^qfq =Pq% fqqri qr# qq q^qqfqqR qff # qiqr | fa TTq-TTqq faq 

q^f Trq-TTqq % qfq qqT qr, qqi qq^ qiqiqq ^qqtfqr qrqiqq ^ql # 

#TT-^Tk fwT-qrr<farf?k^ 

afrqrq fqqtqi qfa % qfqqiq q qinqi^qq? fa!ST qqiq ?kr qq qq f^qx | I 
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sTrefrr farsTT site qfwFT i 4 ■ 1 


qfFF frf-Ft F?ft ftft f qfxyfaT fiFT ft%t i st^tt faFtaT Ft % 
3?FFTX FT4F F't fWT, F>IF% STXT <fVx yfatF % fiFR aTToFTfcFF arraTT FX %FT 
FTfftT | FTF ft F?ftF IT? FT F?T I fF XF-ffa fFSTT aftX STTOTTftFF fSTSTT tpl 
% <pXF 1 I <?ft XF-XR f3T«T FqoTqt ft Ft fFFFT FTJTX gnBTlf^P | 1 %$ FFTX 
fFFtFT F~T aTTWTTffTFP fuTSTT XFfTFFT F XTTO-FFT FTF^-FITT ^ FTFFT FX FXT xft | | 
sfx nmt Si fFFRT xrffeq ft?tT | i 

tfsffoT Wt ^T^'T'TT 

Tprfair % xfff Ft ?fr ?tt fFFtFT ?r ff ^sr ft i35?tw fFm t sft qq 
fftx | — 

xtFFtfF + fqsiF = FFFm 
stterttf -f ferq = ffIff 

3TSFTTF FtX fajTTF fFFFX FF'faq HXFF FFlf' | I 3TT’gfFF % XTFFtfF % 

ttr fft fff Ft f?t | i sTtfaxT fqq'Ri F?<r | fF FTOTTftFF Ffrj % fFFtx fx% 
FFXFTFt FT FFTFTF FXFT f?FFX | I FFTFF Ft ^fFFR ft Wt FcF sftx F«F FX 
FTFTfxF | i faFfar FT ^FTF, TTTFFTF Fife FXSRcft FTF Ttffot % ft 3TF ft aftx ?FFT 
atTeFTfTFF 3TTFTF | l ?FX ursft if, fff ¥t FFTFT, FFFT TTFTF>T fFFTF 

Xtffat f"T IJ5T tTTFFT | sftx SFFT 3TTOTX msFTftFF | | 

FFTX ?F ?FTF f fF TTF faFtFT FT ftFF 3ftX FTF FTEFtftFF fFWT FT 
FTFTX | l FfauT IT FTXFtq fw FT fFFFT stftJF FTSFTfTFF =*TTFTX ftFT, FFFf ft 
FtFT FF F? F? FTXFFlfFFT FtX FFFRT % FFR, fFR-FtfR sftx fFFFF^F 
FT FFTX FXFt t 

FF: ?F fqFTFT FT FRFFt-FT (^ fFF^FX <T^^V % <\<\ fqqiqx q.S^TT) F> 
FTEHTrcFF fFTSXT FT FF FTFFX ^X FTFT? F FTq FX I 

XfttTTXm RTFHFTR 


?r^4 

V fqFtqt, FTTFSTR at>X TftTR, FqTTXT FF FFTFF, XTjTFTF, FTXTFFT, 
qo 

X. fFTTFT, Fft, 'Jo VX-Va 

?• fFTtFT, FtaF 3t\x fFSTF, FRT FtffcF F¥F, Ff fXTFT, HVW , <To' 





arffcTcST, ^ 

font Hf jfsrfe IffaHlT it fatt* ?T HgrplT '^fa^T ftfft I I p firm % 
f^rtr HTptr grrfTT^n:«T ^r fairk trht |, fairrr far hrri srnfr Efffr^rr p Rrrrrr qpr 
H^faH ^jfriT 3R ifa i 

fiSTt faspn % fan ^thr^ rr?fr faffo sfr htrt | nnfa fam Hfan 
hh Jr sptht mm £ ar^fcT hst fartTH wfa ttr it 5ft hhr t|itt enft ftm 

^T STffT^Tfr n=T 7?<TRf> =fHT H^HT I 

THH-HHRHr arsTSTT^oiT $t *Tpst 3fH Hfa^lPcW RRR f%JTT Hfa HHT | I 
iTTtfV p (15U) * 'STH TRRrTT % HHET if 3T*fa pRR siRH TRjr f R sfT|T | 

fa ^tthrfrt p f«r% I p3t^ir am ?> ipfrhrTfMr «t Jr ^r4 % hr 

r^RR HR ^TRT t I 

ftrrr htrh (i^o) Jr Fmsfar htT HfR-sHmr sfft ^ts.tt’tr r^r hit 3 Tbirq-?T 

f^RTT 3fk HRT fa HTf ^TSrTRiq; RpR 7T HFTR !RTR T?cTT | I SpIRIT 

tftarara' (-mo) Jr " u " ^ "^" firereft ^ frsrm m?R tt arwnriT 

fast i 

TT gp % HTR? STHlf^r ^ | tfaHH RpRR rrqr ^RH? 

t I HRT P HR (<1£=R) % ^TRRTf%IT HR % HPT H7R-*RmT p w<\£ H?|fe % 
p HH«J HR 3pzm f^RTT I ¥fa 175 JRTRT^RH (^cr) H armufcTT-H^pR, HTH- 
toptot p arfaffa srfwmT % srftr htr srf^f% ht aram fam aflR w srr 


HfHHT sfkTHR, Tfrtl RTHT, HHtfenH, 5. TT. fa., psRTHp I 



6 


STTTcfta faTSTT qfra qfcTqJT 1 4 ] 


qT4T i %qfqqqr (q^*) q eTWT “q" sqfqqcq qrf qfqmfaq ^ gq | Pt> 

srfq "q" sqfqqcq *f q-q qqq qqqrqr qrf sn-qf | i 

Hifgfq qrr srqpffqrq q;qq qx qfrf iff qrf?cq sjqqqr ir qgf amn «fr £T?q 
"cr 1 ’ qq Hitftr “gr” aqfq^q qm farwqif €r qm-q^cTT qff sqien qrqqi ft i m, 
er^q “q" qq zr^q "qf’ J =qfqqcq qi% fsr^qfr ir qqq-qqTqqT qr areqqq qqqr ft 
qqqrq srrfKr qr w gfqr 1 1 

T 

qqqrq stsqqq % g^q ggqq PpqfaPiq | • — 

1 qrq-*ra«raT qq sr^q "q" qq zr^q "gi" ®qfq?r?q q qmq qT artqqq 
qqqr i 

^ qiTq-q^qqr qq Pqq % q*rrq qT sjeqqq qqqT i 
V qfrq-w^T qq sqfqqqq qq faq- ^ four % snriq qT aisqqq qqqr i 

q'f^^Fcq'qr^ 

qqqiq 3Tsqqq tg fqrqprfgcr ^q qfqqpqqrq fafqq q'f nf | — 
q. qTq-qqpqqT qq sqfqacq qpr qfrf srmq qgf qiqr i 
^ qqq-g^qcri qq Prq qT qff qmq qgf qiqr i 
3- qrq-qqr^qr qq sqfqq^q qq f%q q~r ^q fqqr qT q'tf qtnq qfr qiqT l 

^R-fafsr 

?I TK3T 

qqqrq arsqqq qiqjq qqq % fqfqq qr^Pra PierTwf % %y (^ 
S^q-qq 3= q%rr) fmqq'f qi qqq Ppq? qqT | i q fqsrq CT^q “q" qq Ei^q 
“qV’ ir qqffq | i 

^T^qqr 

arsqqq |q fq^qf^rfer gqqqqf qr sqq^q Ppqi qqr — 
r %. q. qqr. {z\ii "q” ?%h, <im) 
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^ mq^fr (mtft q^r qs^) 

STf^TT 

^srqrr ?m it f?«Ta a^rt mi^fir^ f^rn'T % firm^T fr 3 ;tt arr^ 
q #5r swrfer qrT hti't a; qq <ft Enforce fsrs.qqr qft qft qf i 
q^qra ststfu^ |q ftraqrt qqq fwitri tptt \ qqfqq ftraqq % qfiqt qq 
%3T?rT srt Pqpfqq qqq-qsqqqr Trrq-rft smrfqa q;q ffisr^t ^ ^R-^qcn ?r am 
faiTT mi i 

S[^tFi ^yfer^it 

sr?g;q sftsr q qqq sr^rT^ qq sra fsFzn?qf; swrq q>t % faq qqT'Tr-fsr^'Gm 
fafa ^r ^qmiT faqr n^rr | i 

qfw>r q;q fe^rqm 

qfCTqqrqT ^Pr 5fe ig q x q ^rrqfcr qfaim qq gqzfrq Pptt qqr | awrr 
wq-fe?m qq^rq: =tTt sqpq Pctt jt^tt 1 1 sfcT qfqoTTq qt qTfaqq <\ a q % 
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ABSTRACT 

Personality, Gender and Job-Involvement of Teachers 

This study aims to find the effects of personality' and gender on job- 
involvement of teachers. The sample consisted of G4 teachers from 
sccondaiy schools of Raipur City. To identify Type-A and Type-B 
personality, JAS (Type-A Scale) was used To find out the job- 
mvolvement among teachers, Job-Involvement scale developed by 
Lodhal and Kejner 1965 was used The results indicate that 
Ty'pe-A and Type-B personality significantly affect the Job-Involve- 
ment among teachers whereas gender has no significant effect. 
Further it was found that the interactional effect of personality and 
gender is insignificant. 


Pramila Shrivastava 
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POLITICAL ORIENTATION OF WOMEN STUDENTS 


Political man is essentially a product of liis social experience. His poli- 
tical lole is not simply determined by the established political i e. constitu- 
tional and institutional fiame. He has with him Ins family background, his 
occupation, his education, his religion, his sex, his fiiends and his class 
Each one of these factors affects his socialization in the society and in the 
course plays a role in political socialization of the individual. Thus, there 
are many faclois in the social envuonment of an individual which affect 
his/her political orientations. 

A study by Howell (1982) suggests that there exists some effect of gender 
role, particularly concerning the female role in political socialization On 
several occasions, there appealed to be an interaction between gender and 
the experimental treatment which suggested that there were possible 
differences m political orientations of boys and girls. It was found that boys 
were moie politically aware and effectively participated m politics in compa- 
rison to girls. Females tend to have less of a sense of political efficacy 
than males 

Campbell and associates (1952) leported the 32 per cent of the males 
in theii sample felt very efficacious as compared to 20 per cent of the females. 
The study by Pattnaik (1982) also reveals that men are more likely than 
women to feel that they can cope with the complexities of politics and to 
believe that then participation cairies some whight m the political process. 
Dowse and Hughes (1972) have reported that one of the best reseal ch 
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findings in British politics is that women participate less and declare lower 
level of interest in. politics than to men. Fewer women occupy significant 
political positions at all levels than men, and women are less likely to 
vote than men. 

“Women have the mentality of minois in many fields and particularly in 
politics, they usually accept paternalism on the pai t of the men. The men — 
husband, financee, lover, fathei or brother is the indicator between them 
and the political world” (Almond and Veiba, 1963). Election studies m 
India have clearly bi ought out low turnout among females. Among those 
who vote, theie is high correspondence between the wives and then 
husband’s choice. The usually go by the decision of the husband. The 
situation becomes vvoise in those cases wheie even the males do not have 
cleaily defined political links (Gupta, 1975). Barnes (1900), Hall (1914), 
Goddaid ( 1906 ; , Hill (1930) and Vostrovsky (1899) have lcpoited that boys 
are more likely than girls to pick histone and public figuies for theii ideals; 
and gills to pick parents, teacheis and acquaintances out of the immediate 
environment IL was found from the lesearch of Wall (1948) that boys weie 
moic likely than girls to choose cunent war news, political fealuies and 
leading ai ticks as topics of discussion According to Foi tune survey (1942), 
boys were found to lie much better mfoimed about politics than girls. Boys 
at every grade level show consistent superiority m political knowledge 
(Bui ton, 1936). Finding of Keppler (1984) demonstrates that women 
students were more supportive of funding oigamsations than men. Accord- 
ing to Patnc (1967), gnls tend to be unquestioning and non-complaint 
towaids political figures and laws They me moie willing than boys to be 
political authonues as Uustwoithy, lesponsibls, benign and powerful- 

Mukhopadliyay (1977) reveals that political participation is relatively 
high in case of male members of the society, Komvetans and Betty (1980) 
found that men tend to have higher political status than women 
but the relationship is quite weak (.12). Singh (1986) found in his study 
that boys were more politically socialized than girls. Cognitive, affective 
and evaluative oiientations were high among hoys as compared to girls. 
The women, on the whole, aie more likely than men to abstain from voting. 
The phenomena is not unique to India. Cases of Britain, Geimany, Austria, 
Norway, Sweden, Yugoslavia and the United States also illustrate that at 
cveiy social level, women vote less than men. In India, due to differential 
decreases over time since 1977, female turnout nairows down but it never 
appi oximates the male turn out. So, it can be concluded that sex differences 
account fur political orientation of students, 
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Keeping the above review of hteiaturc in view, the researcher conducted 
a study to find out political orientation of women senior secondaiy students. 
The mam objectives of the study were — 

(1) To find out differences between male and female students of 4-2 
stage on political socialization viz , political knowledge, political 
intei est, political participation, political values and political efficacy/ 
cynicism; 

(2) To find out differences between male and female students m their 
attitude towaids political socialization. 

THE SAMPLE 

The sample of the study was chosen fiom a population of students 
studying in 4-1 and +2 classes in colleges and senior secondaiy schools 
located m Km ukslietra district of Haryana State. Because of its placement 
in histoiical and religious functionality, Kurukshetia has its own political 
and social values. The senior secondary students were selected for the 
present study because adolescent age is verycmcial m the life of a student 
The students become matuie, independent and confident enough to face the 
realities of life and society. Entrance to most of the professional courses, such 
as, engineering, medical sciences etc. has been opened to students of 17-18 
years age group (+2 students). In many a democratic countries including 
India, the voting age has been reduced to 18 years 

The sampling frame comprised of 901 students selected from six colleges 
and eight senioi secondary schools of (his district The sample was selected 
by stratified landom sampling technique. The sample population was 
slratified into different categoi ies on the basis of demographic, educational 
and family backgiound of the students. 

TOOLS USED 

The following tools weie used in the present study 

1 Political Socialization Scale 

2. Attitude Scale 

These tools were constructed and standardized by the researcher. 

Political socialization scale consisted of five sub-scales to measure — 

(i) Political Knowledge 

(ii) Political Interests 
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(ill) Political Participation 
(iv) Political Values 
(v) Political Eflicacy/Cynicism 

Each sub-scale consisted of 10 items which weie selected on the basis 
of tty-out and item analysis. Political knowledge sub-scale had multiple 
choice items with four dis tractors for each item. The items in the other 
sub-scales were to be lesponded as a five point scale viz., 1. Always, 
2. Mostly, 3. Generally, 4. Occasionally, 5 Ncvei. Test retest reliability 
of the whole scale was found to be 0 82, while intrinsic validity of the whole 
scale came out to be 0.90. 

Attitude scale was constructed as ‘Likeit’ method and after try-out 
consisted of 16 items, which were concerned with political onentation of 
students. The split-half reliability coefficient of the scale after using Spear- 
man Brown Prophecy foimula came to be 0 80. Besides establishing content 
and face validities of the scale, its intrinsic validity was calculated which was 
found to be 0.89 

METHOD OF STUDY 

Data were collected fiom 1000 students fiom + 1 and + 2 classes in 
colleges and senior secondaiy schools selected foi the sample But 99 of 
them were excluded due to various reasons, such as, incomplete question- 
naire (s), non-seriousness in responding to different items etc Thus, data 
from 901 students were utilized for analysis 

Going for each scale was done according to the procedure presciibed 
for that scale. In political knowledge sub-scale of political socialization scale, 
each correct response was given one score, while wrong response was 
assigned a zero score. In the other four sub-scales, a score of 5 to 1 was 
assigned to different responses to each nem of 'always 1 — 5, ‘mostly’ — 4 and 
so as to the last, ‘never’ which was given the weight of 1. Weighting was 
reversed. The total score of a student was the sum of his/her scoies on all 
the items of diffeient sub-scales 

The attitude scale was developed on the technique of ‘Likert Scale’. So, 
it was scored in a similar manner on a five point scale — 5 to 1 for fevourable 
items and 1 to 5 for unfavourable/negalive items starting fiom ‘stiongly 
agree’ to ‘strongly disagree’. 
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data analysis 

The aim of this study was to find differences in political orientation 
between male and female senior secondary students So, t-test was used for 
analysing the data. 

t-values between mean scores of political socialization and its five 
dimensions foi male and female students belonging to urban and lural areas, 
and studying in +2 clases in schools and colleges have been shown in Tables 
I to VII 

TABLE I 

t-values Between Mean Scores of Political Socialization and 
its Five Dimensions for Male and Female Students 


SNo 

Dimension 

Male 

Students 

Female 

Students 

t-value 

(N x = 

Mean 

501) 

SD 

(N s = 

Mean 

400) 

SD 

1 . 

Political Knowledge 

7 57 

1 73 

7.53 

1.63 

0 29 

2. 

Political Interest 

29 64 

9.25 

28.90 

9.08 

1 22 

3. 

Political Participation 

22 79 

9 11 

18.33 

6.77 

8 39** 

4 

Political Values 

38 49 

8.11 

39.72 

6 57 

2 50* 

5. 

Political Efficacy/Gynicism 

28.21 

6 12 

30.12 

6 97 

4 32** 


Political Socialization 

126.65 

22.29 

124 59 

19.73 

1.47 

1 

Significant at 05 level. 

4 

* Significant at . 

01 level. 


TABLE 1 
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t-values Between Mean Scoies of Political Socialization and 


its Five Dimensions for Male Urban and Female Urban Students 



Male Uiban Female Uiban 




Students 

Students 


S No. 

Dimension 



— 

— 

t-value 



(N x - 

185) 

(N,=: 

255) 




Mean 

SD 

Mean 

SD 


1 

Political Knowledge 

8 03 

1 59 

7 51 

1 72 

3 25'* 

2 

Political Interest 

28.74 

9 46 

28 37 

8 98 

0 41 

ft 

J 

Political Participation 

22 19 

8 69 

17 92 

6.45 

5 64*-' 

4. 

Political Values 

40 09 

8 47 

39 57 

6 46 

0 70 

5 

Political Efficacy/Cymcism 

28.00 

5 64 

29.74 

7.04 

2 88" 


Political Socialization 

127 04 20.91 

123.11 : 

19.79 

1 99' 


Significant at 05 level * ■'Significant at .01 level. 
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TABLE III 

t-valucs Between Mean Scoies of Political Socialization and its Five 
Dimensions for Male Rural and Female Rural Students 

Male Rut al Female Rmal 
Students Students 

S No Dimension t-value 

(N 1 =316) (N a = 145) 




Mean 

SD 

Mean 

SD 


1 

Political Knowledge 

7.29 

1.75 

7.57 

1.46 

1.78 

2, 

Political Interest 

30.17 

9.08 

29.83 

9,19 

0.38 

3. 

Political Participation 

23.06 

9.32 

19 04 

7 29 

5.04-1= + 

4 

Political Values 

37 56 

7 74 

39.9S 

6.76 

3.4D t 

5. 

Political Efficacy /Cynicism 

28 33 

6 37 

30 79 

6 79 

3 67i + 


Political Socialization 

126 42 23 05 

127.21 

19.49 

0 38 


** Significant at 01 level. 


TABLE IV 

t-values Between Mean Scores of Political Socialization and its Five 
Dimensions for Female Urban and Female Rural Students 

Female Urban Female Rmal 


S.No. 

Dimension 

Students 

(N x =255) 
Mean SD 

Students 

(N 2 = 145) 
Mean SD 

t-valui 

1 . 

PoliLical Knowledge 

7 51 

1.72 

7.57 

1 46 

0.39 

2 

Political Interest 

28 37 

B 98 

29.83 

9.18 

1.54 

3. 

Political Participation 

17.92 

6.45 

19.04 

7.23 

1.56 

4 

Political Values 

39.57 

6 46 

39.98 

6.76 

0.59 

5 

Political Eflicac) /Cynicism 

29.74 

7.04 

30.79 

6.79 

1 .40 


Political Socialization 

123.11 

19,79 

127.21 

19.49 

2.04*- 


* Significant at .05 level, 
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TABLE V 

l-values Between Mean Scores of PoliLical Socialization and its Five 
Dimensions for Male College and Female College Students 


S.No. 

Dimension 

Male College 
Students 

Female College 
Students 

t-value 

(N t = 195) 
Mean SD 

(N 2 = 297) 
Mean SD 

1 

Political Knowledge 

7.13 1.93 

7.55 1.70 

2. 49* 

2. 

Political Interest 

30.41 10.32 

30.30 8.77 

0.20 

3 

Political Pai Licipation 

22.58 8 45 

18 49 6 43 

5 73'“* 

4. 

Political Values 

35.88 9 41 

39.77 6.56 

5,02* * 

5 

Political Efficacy/Cyriicism 28.24 6 35 

30.86 6.79 

4 35* • 


Political Socialization 

124 14 24 40 

127 09 19 43 

1.41 

* 

Significant at .05 level. 


Significant at .01 level 



TABLE VI 



t-values Between Mean Scores of Political Socialization and its Five 


Dimensions foi Male 

School and Female School Students 




Male School 

Female School 


S.No. 

Dimension 

Students 

Students 

t-value 

(N 1= 307) 
Mean SD 

(N.= 103) 
Mean SD 

1 

Political Knowledge 

7.84 1.53 

7 48 1.41 

2.22* 

2. 

Political Interest 

29.22 8 48 

24.54 8.54 

4.82** 

3. 

Political Participation 

22.84 9.50 

17.84 7.63 

5.39** 

4. 

Political Values 

40.14 6 66 

39.55 6 60 

0.78 

5 

Political Efficacy/Cynicism 28.19 5.96 

27.97 7.02 

0.27 


Political Socialization 

128.23 20.68 

117.39 19.00 

4 89** 


+ Significant at .05 level * " Significant at .01 level. 





BHARATIYA SHIKSHA SHODH PATRIKA 14:1 


Wi 


TABLE VII 

t-values Between Mean Scores of Political Socialization and its Five 
Dimensions foi Female School and Female College Students 


Female College Female School 
Students Students 

S No. Dimension — t-value 

(Nj=297) (N. i = 103) 




Mean 

SD 

Mean 

SD 


1 

Political Knowledge 

7.55 

1 69 

7 48 

1.41 

0.45 

2 

Political Intel est 

30 30 

8.77 

24.54 

8.54 

5 06** 

3 

Political Pai ticipation 

18 49 

6.43 

17 84 

7 63 

0.77 

4. 

Political Values 

39 77 

6 56 

39 55 

6.60 

0.29 

5. 

Political Efficacy/Cynicism 

30 86 

6.79 

27 97 

7.02 

3.64** 


Political Socialization 

127 09 

19.43 

117.39 

19 00 

4.44** 


’ * Significant at .01 level. 

t-test was also applied to find diffetences between attitude of male and 
female students towards political socialization The lcsults are shown in 
Table VIII. 


TABLE -VIII 

t-value between Mean Attitude Scores of Male and Female Students 


S No. 

Group 

N 

Mean 

SD 

t-value 

1 

Male Students 

501 

56 96 

10.18 

2.62* * 

n 

Female Students 

400 

53 53 

8.35 



’* Significant at 01 level. 

DISCUSSION OF RESULTS 

In Table I, l-iatios foi the dimensions of political participation, political 
values and political efhcacy/cymcism are significant It indicates that male 
and female students differ significantly on diffeient dimensions of political 
socialization. 
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The mean scores, show that male students have higher political paiti- 
cipation (M=22, 79) as compared to female students (M= 18 33) . However, 
female students have higher regard foi political values (M= 39.72) and a 
betLer sense of political efficacy (M=30.12) than male Students. 

This leads to the conclusion that sex factor adheies to the difference for 
tin ee dimensions of political socialization, namely, political pai ticipation, 
political values, and political efficacy Howevei, the sex factor has not 
shown significant t-ratio for the total scores of political socialization. These 
results aic supported by the findings of Pattnaik (1982), Howell (1982) and 
Mukhnpaclhayay (1977), who have reported that men aic moi c likely than 
women to feel that they can cope with the complexities of politics and to 
believe that then participation carries seme weight in the political process. 
However, girls tend to be unquestioning and non-complaining towai ds political 
figuies and authonties (Patric, 1967), thereby, having more respect for 
political values and political efficacy than male students. 

Table II to IV show that when sex and lesidence aic taken togethei, 
l-iatios between mean scores of vaiious levels of sex and lesidence aic 
significant for political socialization and its diffei ent dimensions (except foi 
political interest) So, null hypothesis is rejected, which indicates that 
students belonging to different sex and residence differ significantly on poli- 
tical socialization. 

The mean scoics show that male-urban students have highest scores on 
political knowledge (M= 8.03), and political values (M = 40. 09); male rural 
students have maximum political inteiest (M = 30. 17) and political partici- 
pation (M = 30,79). Female students (M=127.21) from ruial ateas have 
shown maximum value of political socialization closely followed by male 
students from urban aieas (M=127.04) Female-urban students have the 
least political socialization. 

A numbei of ‘Mahila Mandals’ and other orgnizations work in rural 
aieas in this part of Haryana and they fight for the causes of females. Poli- 
tical awaieness created by them explains the maximum political socialization 
of female rural students . 

Table V to VII show that when sex of senior seconclaiy students is seen 
with reference to the institution attended by them, t-iatios between mean 
scoies of various levels of sex and institution are significant. So, null hypo- 
thesis is rejected, which indicates that male and female students in schools 
and colleges of Haryana differ significantly on political socialization and its 
various dimensions. 
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The mean scores show that male school students possess maximum 
political knowledge (M-=7.84), have most political participation (M = 22 84) 
and have highest legaid for political values (M=40.14); male college 
students have maximum political interests (M= 30.41); and female college 
students have highest sense of political efficacy (M = 30.86). Further, male 
school students aie most politically socialized (M= 128.23) among all the 
foiu groups 

It leads to the conclusion that sex-institution combination shows diffe- 
rences on political socialization of senioi secondary students. 

Table VIII shows that t-ratio between mean attitude scoi es of male and 
female students is significant at .01 level. So, null hypothesis is rejected, 
which indicates that male and female students differ significantly on their 
attitude towaids political socialization. 

The mean attitude scoies show that female students (M= 58,58) have 
significantly higher scoies than male students (M=56. 96). It means that 
female students have more favourable attitude towaids political socialization 
than male students, leading to the conclusion that sex factor adheres to the 
differences on students’ attitude towards political socialization. 

Howevci, the eailier results have indicated that sex difference did not 
exist at significant level on political socialization. These results do not deter 
with the pi esent lesults because the females have been found to behaving 
more les peel for political values and a higher sense of political efficacy as 
compared to male students (Cf Table 1). These factoi s of political values 
and political efficacy comprise the frame of refei cnee to express attitude 
towards political socialization. It can be explained with the observation of 
Patnc (1967) that females aie moie willing than males to see political autho- 
rities as truspivoi thy, responsible, benign and poweiful. Such type of fixa- 
tions in tlie mind may be making their attitude favourable towards political 
socialization 

CONCLUSION 

Sex of the senior secondaiy students adhere to the differences on 
different dimensions of political socialization and attitude towards political 
socialization. So, female students have different political orientations as 
compared to theii' male counteiparts, 

Female urban students have been found to be moie politically socialized 
than other groups. Female students also have moie favoruable attitude 
towards political socialization than male students. 
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ST?TT 5TT£T TS qq dimr — ( lj-j-r ; ^STTsfl SR q ST^Tsfl % TTjiqlfqqi 
IT static STR qmr, nq (ii) TRtftfcPE qmsfr 3?fqq% it 3 TRt 

f^r qrfr rsnqTsft tt Tranftftw f^urr % qrt Jr m ht i 

%it frFimfJpF q g-rfaq? qfqfe % f^r^rr (§fvmT stfct) Jr \ 
q§rfq?iRqt q <s qftR Tqrreirfir^r fqsirerqf qlr -M qrsrraT ir qsir a 0 T q 
Tsmrr^rTcT qrqfesfi nfaum fafa 3TTT I ^ ERT ¥ sftSJ ®RT §TTT 

fjtfipr -( 1 ) xrsr^ffi^ ttTrrawt'ir ^F5f, q (it) arf^ffr sm stt sqftq M 
qh i TTsrfrftPF *nTT5ft^«r *%rr % X arronr |— ' uarqVfcrqr srrq, “rqqtfqq arfa- 
qfq, TTqqlfcR JT^vrrfjTFTT, TRqrf?rqr trq Tr^pflfiT^ qm«q I STtrefacTT I 
qNfl sriqm qr jttr are; fMroff % TRqtfqqr qffirqm'q qfr qurfar 1 1 

qrqqrfqqr mRTqtqtrr q qfq srrqpfr qq aTfaqftr jtt'thI qf qirfiq q 
rrrffliT ism q stwtsTt sra srrq mmsl *ix — *rttwar snr fq^TT fqrm tot i ijto 
fqiqfafor | ' - 

<1— snft srt qrqqrfqq Himfror smart qr\ apteTT qfqqt | i 

r — smtsfr ir qrqqtFcR gm q titoIEr qrqTO % q-fa srrqq etot Jr arfqqr f 1 

V-®RT q smart % Trqqtfqqr frwRWTor ir qnf qrqqt amq qft anqr i 

2 - totr ? FTTRlur sm t sra'T q srarsfi % qRqlfeW H^TT^ft^Twr aftr 
fqfaq arromt J (trsmfffiF arftrefq to mfTO) turf arm arm i qqvtq 
®rqt q qmftfop qiq ark qrqqlfqqr qjfifr qq g-qjrtrqt trmq; sir qi^or 
'Etrq'r q TFspftfto q^^rrfqqT q qrql'JT tsiqiafr q TTqqtfqqt qiqeq qq qq’rfEiq; 
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wtpp stt'tt fqft, qqfq: grqrq ©rgrafr Jr gqffgq: q qnxfq st^T'/t Jr qqif 
qq xrqqffgq; gqTqftoX'ur tt^tt qgr i 

K,— qfxts qTtqfqq: fqqiqqf % STEff ir qqffgq? XTqq'ifgq: 3TH, XTXqffgq: q^- 
grfqqT q xi'qqffqq: wt % srfg srrex |, qnlrq if qqffgq; xiqqrfqq: 
arfqxfq I , qrTqq ’STSTTsft ir gqffgq XTqqTfrTq: qrqsq qft TTTqqr t , qqfq: 

©T?rt if qqffgq: xrqqlfgq: gqrqfqxq qrm qqT i 

^ — ^sl^Tsff xr XRqffaq: qqTxfrqixq % qxq:q it qfqqfqr qigi qq a^sn qfgq: 
srgqjxr I 1 

qq qqirx q?^q xfrg qq ir qqrfqT qqr | fq: + ^ qrsTiqt qft q sra"Y 

% TTqqffqqr qqTqfqxq ir tfTqq: ar?gx | I 'mw T3tt if Trqqifqqf gqTqrqxq % qfg 
qfqqfq q qfgq; q^^cTT I I ’SI^Tsfr if iff, qTqW £cT qft qnqrqT q qnr qql qf 
q^ETt qfyq xTqqtfaq: qqrxffq^tir | i 

3To qrTIcTTgqrTTlr 


fqqrfqtfT % qiqi-fqqT qqr qfqqRqTT % qq ir X? qsq qx spq qqr I fq: f^qr 
HTsqq *r ftrfSTg qq qfqcq afgqrxqq |, q g% qfwtqf qfraTTqf ir, q fqfqqtfT- 
qfqqrfqqt 3TTfq % grSTTfqqx'f if sfix q qqfrq-sqrqTX ir iff ?qir qrrf q^rggr fqxr 
qr^qf I qq q^TqTx't % fqqqx %qq qygrxq qq jfr qfr qf?q qqif qq ^q-qqt, f^qf- 
tqf, q?i:fq-qqt, q:^q qT% aftx XT<sqqfqq qq qyqT q:xq XTir qfTjxq qf 1 1 qitq ir 
wrq qfr qx? qqqTqxl % qsqf % grq-qrq qrqx't 3: sfq qf jyqri: =gg % qxqTfT % 
qfqxf qfr qxg qq-qq qir | I q xrfq fq:g qqiqg qfr qrr if ?q qTqfr qqq % ?qyq 
qq xtqq qqff qft xqfq^rx q?x qs, fqqT qf srtq-^q fq: qq qqff qff qiqqfr qr qq: 
fqq qtqt q^rxTqf TX-qx % srqg qrx qrqqf 3ftx XT^qTxr % $qr q^fx qqTxq: qq^ 
qx if fr irqrq ^rqq l qTq qf qrr^l'jq q qq qfjq:Tq q’sq %:qt % qqfr qfr qqq 
q qgqq I, q qyqx"T qqfr qfr Vo qq: qfr fqqqf q qqiq |, q qq gqq I I xfqq 
qqff qff qr^qqr ir q:wgqxfq:xq q qr f^r qfr q:iqfT qxqq xst^t qq qq:qf | i 
[qfc fqqqqq fq| "qqq", qqTqfq f^qf qT%q qx^qq, qf qfsrimq qq| % 
qyqq it) 



Language and Creativity 


This is no l at all to aigue against the teaching of English as second or 
third language, which is increasing in the whole world. We are right m 
wanting our childicn to become competent in that language. The issue is 
the medium of education and the medium of creativity for which we must 
learn fiorn the experience of developed countries. Could Japan, Taiwan, 
Thailand, etc , have become so dynamic if four percent of its population 
weie trained to do their thinking in a foreign language ? How is it that Den- 
mark, Finland and Israel, all with less population than the Santhals in India, 
are making so much more of amaik than the Santhals, indeed more than most 
States of India with 10 limes their population ? It is because they are inhere- 
ntly creative and organised. Such creativity and organisation can only come 
up through the cultural system and m the language of the culture. In con- 
trast, the pom Santhals are not able to go to a school which teaches in their 

own language ! Of couise, the people of these small dynamic countries gen- 
erally learn a couple of other languages, but the secret of their success lies 

in their ability to think cieatively m accoi dance with the needs of their own 
cultural system so that the whole system, including the language, is built up. 


—Clarence Maloney 
(The Hindu, June 21, 1994} 



fto 


; 5RT3T ^ SlfhfifiirTlT 


W^T?T IT ^RtfTq^JTra % afTR sRoT ^ | I ^ if froffR ^fR 

tffaTr-^zfr (spt, atf, ^rir^ q'rer) Jr Jr ara ^rrt m tr=f ^ ^ 
^ srqJr 1 1 amsjR srr p Jr s%«Tr ^urn qTsrtr^ sfR* trrnsr srrfta 

iVt I I SfcT aTSTRTfR p tfPRTafl ft <3% if Tpj'R ^*r rRftRT qpT c[R fRT 

art t%< | ark p ^ Jr t^r ft ark zz x?j 1 1 wr, f»rttT ( «rc, 

«nfc ?*r st^fajff' ft Jr *rop str % % sir|r % srfa, wtr, 

SR aTCrR, Rfa, ffw-faq? -srrfq JfRSRto q-Rcflq 501 3J7 f% r^r-er % 
3W®T I' 'TfTRfBrTcr T$ |> T| | I HR^T ptff % fqqfw ^ fft % 
R^R ajR^R fspjR f> T^T f pr^R ^ t bj ^7 Jr RRfgR fl^WT 

^ rrvqTfarT *prr t? t§t | i rrRrfaR *rr qfr fsr qit t pm err i?r 
% qlROT ft sffT RRT | I faR^T Rfafr % sqftfiR S§f?R fa^R ft 
1 jftqrr % =rrfr p stRlkr kfi' q$ff w ft *r% i 


^fa k uro trt. kkR, qio Tfta ?jo ^rJrar, qrsft fesrT qfRT, hrr srp i 
I qRrfR fa?r ?r etc f ?fk 

rr -tI^r rr RfkTR ps,T' t 
R p EfRT R R 

tffpT 11 

^ 3TRR, fqST, W, tp-R ETRIR TRf 'T^VTR^TRT — fpR^?T 
’ ■ afrTj strt , qrfaRjR ^krfJrfkq 1 

fam arr ^Tqt er ttot't i sj ^ 
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fowl qfR 1 4 : i 


spt fur«r sstFr^ 1 1 s^TV'rf^EpK, 'tRut^ |g fspirT^rrtfr 
05 qifnvf qrr star | 1 ^TR-FqfrR-FirerT-aR % sr^ strir sfl gRt qft 
rtrctt I f^ sTT^r^r % Trf^c^F ^rrF-rt $ RRt % rtr ^ 

sTTTcrr tft «reTf rr sftx ^ft ffrc Sr faFftrer fwraTRRR ^fi'er^r r^r^TPr |‘ 1 

3ftcR % ^TF ^ ^ ^Pjfcr RTq % 5Rr ffcft | cfSTF 3TTfrft^ *T*r sft 
RT'jffr xsrnnft, niftcrafri shfr*, qqf % rrt arfa; %ctrt q?t Ftr-rt 
grra ft R-qnft | 1 ^R’p’ afaR-fasTm ft %$ r ^ RrltaT'r spt qffRr | 1 Rf 
STTlftF^ StfsPU I 1 5 *RfTT % RT qq; 35 R aftT qRtf^TT | H 3R sfcPT fa?TR 
spT Fsm'JT-siFw'q «rf 5 FR % *rgF?rcr faqrrcr |g 3 RRq> | i 

afi'SR-faSTR ^eq-qt^ fsTSrTT |g RRflFR? fWErTT-3R IsSm (RTTf ) 

— E.qfa, rt^t, swr, mm, qrmlcRR, wtr stTf? Sr n\zj rt 

| I StfiTTSRT m qfcr^R mftfxqj, sftfsqr, RRFFP t?5 ¥TR1cR^ fsr^TR % 
St qf^F^cr fFT | 1 sw-stitt qsr r^rr, st*rt +V stt^t qrr 

rr-rt tij qf^n-Sr rr f*r% rr | i' 

rr qf ggqfRR fRr | Fqr ^ fowl sfr ft srtsr i rt 

faretqff % m farOT-sPR Sr qftiran % fettr rstr qTRir i gt-qR rytt 
| 'qfV 1 m g=rfoisF5rT R err Jr x^cr fg qrm ft^T irf^sx, RRTRrfq 
(trt°) % sr snrt»r R sjhtrr fg €f«TR % Fusrqr stFrsrt RfTFqerraq % 
ma'ismq^-ST^TBiTTftrwaft % rr fRRtq s^w sfvrsrq % rtr srtr qfr 
gffrqqq fq?qr i q;?rer: ^ w-v-tf wq? ^t^-f^ftR sif^srq ^ 

gf^sft fqrJT^risTsft % Orf'-fR Jr gqr F^Rlq ^ftqfr-FqgTR-^R-Rf^'ir-r^FR 
q?r ajnfranr qTsft Fq?rr rFrt % fsT^q? qf?r¥r»r qfTF^m^qr t fwr rtt i 
^ fwFqx % 3TTSTT3R % qgq q?rq FRRrF^R % — 

(t) ttor^o, ^oit^o % ^ wf^TEqTFq^t qr't sft^r-fwTST-qTsiraR 

spt ofRqrT^ t^TT I 

(q-) ^T^TETnqqr-^iwrsinfqqrrafi qfr rq'RTSJrsFTr ^ rttirr arr^R, 

qiqTRR, mm, q;Ttff-RR anft ^t arnmr ^trt i 

v 3 trr mV gsRrt sTTsrtq^fr qtqq-f^R qrq ^-q 0 g D «, 

X g^T^PT Eft ffR?T qT^q-iftqq-FqsrR W ?- 1 o Jo \3 
\ gFr qt Fq^qqiq gq - gtrqr gqqRq-Rrqq-Fq^T5T rr ^q'rfffrg 
» - 



atea-faaR-a^a-afaem ama qa afafaRR 
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( \ ) ataa-faaR % ?TR faaata aa'a-aOra'a fa ^aTSqTgar-^TaTSaTfaa?ra"t 

qa awa i 

ST^cf WBFR ^T ^T^5T 

a?ga as-aaa an rrst g*§aa aaa aPirena fafaa a aa^ar ara ?rn r% 
sfro n?o a rr tr^o % m^Teinaar-wRTEaTfa^TTT | i rr^rir aft afe £r 
aa; afTt'a^ran ftr tfRRaTnar-maTEaTfaanaff an, fnfaa a ana %ft ar^aR 
faraT nai i f^r t n*, ft sr'TRr aTafaaT i sa a?? 3Raaa an RTaa 
am ftft afft rk. waTBnTnaRaraTEnTfnanq; | i fanan faaRr sa aarr | — 


f^TT^TT ? 3 TR^t ^T 


naan 

SR-a^ar 

nfaaa 

©RT-gaar 

srfagn 

w 

fa 



^ fa 


aaaasaK'aft ft^praRTaa fir vsr <r% aar ^ % ®RR <Y i 

afrraenan a Bia-OTarsfr aft fa asm aft afar ft faarc afar aa aaaa 
\\% ©rarafr ft farfeiR fi' am farm aaPfr ana ftft aift ©raft aft aw aaan 
«□% t<\ i fn G a?qa ©raft aft garni ft sum an rr War % nfa 
gfaaRfT i 

sntft wan ^ 
arrg-spr ®pt ?r ?zrr^r ^r 


aTg-aa 

©r 

afaaa 

©larg 

afaaa 

• faasR-crrcTR 

1 « ft fa 

fa 

U fa 

fa 

fa ,* 0 

fa 

fa ft fa 

fa 

W fa 

fa 

fa fa 

fa 

fa ft fa 

fa 

fa ' 5 ° 

fa 

fa fa 

fa 

fa % fa 

fa 

fafa 

0 0 

0,0 0 

° ^ , 

fa ft 3 iaa 

Q O 

0.0 0 

fa 

3 .fa 

fa 






(a p Rraar aa) 

afta 






nfnna 

fa 

fa°% 

fa 

' fa°% 

m 
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STTTafa f%STT 5TTSJ 14.1 


^nT°ft % f^% c r D T £r =15 cr«r ^rraft arraT | f% Jr ^r 
sng-Epf % 'Sra- 1 E5T1T^ TfitffeV M «r «fT fa fr !(« l sc% | I cT^TT ^vs & 
37TT arT^-^’T sft iteP cfR *ft fcRtf SRtBT 4Y I 

mvn\ tot 3 


?rfR5T ^T srfeRT jfl^RIT ^T % ^*ff^r 


?TO 4 r (qreri^r) 


sfftnn 

’ 5 T 5 TTCT 

5 lfft 9 R 

fEFfftfa 


r^rra^ 

? V 

?=; 

“5 

*R 


V- 

(ffaR stf) 


R% K° 

oV 

IR'V.o 



RREfT (enffto ®Taf ) 

»' 

oVS 

0 0 

□ 0 0 0 


□ H. 

ffrrftWtR (^m) 


n ^ 


K\ ?K 

Vtf 


STR^ttR (fa° *fa) 


°3 SI 

Q O 

0 a 00 



HTcfattn: (37° grft) 

°^v 

0^ Vo 

°1 

°3 

0^ 


ftfa 


v°% 


~o 

0 

D 

5 ^ 

m 

V»% 


^rwfR iETTT^fV ^ ?r w c £ | fa SrrnfafaT (wi =pt) % ©ra- 

®T?TTsfr 4Vf *RffW «v t 5tT fa ^RJT *P| 3=:.^ | ^T m \ ,\ % 
fa^TH 05 Tif^ir sfa % ^'nfasrifl vvz-vwi | 1 sr ir tfV 

ert ^ % ETcnafr afcmcr (=<; m%) ar^r *r^nfl % sfrefaf ft m 1 

SR«ft ?rw v 


*n*n»ft fr % wn^f 


ETT^r 

' 3 T 3 ' fto 

SrfETWcT 


'Sl^-'&IS'TtT 
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in 

3 PTJ 1 ?: 

\V 


0 V 

^ K° 




^ 0 .qij 

0V5 




0 V 

oV.q'j 

= 1 



3 T^ 

0 V 

0 v.q'l 




et>tt afenra 


1 »»% 


H 0 0 % 

n^v. 


g-v^fr i( «$r ^ % fanSm ft sre |fa sffarftT ft ®ra* 
® TimT v'i tf«n *rafr>¥ *1 | cm ^tr ?r«n: srjtc swrnr =frr % ffafa ®w 
WITaft Eft g©n g 1 




■ bwr qfqfsFRrir 
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^rmr mm v 

ansrrcr spt ft sr^fr ^ qr*fW ^ Jr ?jttc 3T ^#r>^ 




qfqBR 

rsT5r q^qr 

qfqfR 

q>q 

q?Ft 


35 vsK 

33 

^00 

ty. 

TmftR 

y.° 

3° qy 

o o 

□ 0 0 


qtq 

c;^ 

1°°% 

33 

c ' 00 °/o 

W 


^rr ?rrwr % str Jr stir | srsfr Jr qiqt'q ©rat qfr ff*§qT 

1° *ft 5ft fqr § 5 T ©rat sfft ^reqr qrr ^ 3*,% | i ©rare? Biq/ft ^ q?t | 
f?r ftvrr^r qr^ft % qssrrfqqt qft q^qr qrqW % qrrrTfn'qt Jr 
qfsrat i 

^ srftrfsra qq srsrfqrfsR ■rr ?Fr Jr trqr mm Jr ^q ir qfqra<q 
ftrEn | i Jrq 33# ©ra-srarfi; sftqq fqqrq Jr arqFnfsrq Jr i 

fqqfqq qqT ^rfR^rfircr ^ Jr arT?r?r qqr srimsmT qrqt qrJr ©ra-©ra3ft spT 
qfrc Jr qq R’Tqqf qrr qqtfR pqrqT qqr eft q| qrqr qqr far fqqr 3 o ©ra-©rani 
Stfqqfarr Jr 3rraq/«qrqRTfq qr<5t % i %q w, qfr i Rqqqt/srRqffqt 
©ra-©rarat qrt s/ir Jr qq -qrqq *ft qqffR farzrr qqi qr fqGqrq q^ fqqrar 
fqRrqqJr ffptqfqq ©ra-©raT3fr Jr Jr n®ra ^Jr *r fa^trffffft sRRqrr 
sqffq qft qT i 

sr^ir srftm i%feF Jr f^T m\ 
forfnra fn^T nitrite srwmr 

iff farfqT qrr srR«r ?r \ °° qJr §trrr «rr srT"? irfo 4 . 3 « qq qqr qqqt 
qi i qtq % qt qtqqrfq |g fq^rq ®r i btr rtw srnjff Jr 3 q®J: qqr stt^tr qq 
rnwu f>r srurrff fqrqr qiqr qr i rjfqsft qq^Sf hr qt q ©rat qq ts r»qra 
qt qq Fur rat, g-RRffrqrffff, qqq q^rrqq, ffqqrffq, Brararaq, ^mraq, 

BRfqTffq, ffqfarRR, RrRTffq, qfipqiftRRTffq, RqTffq, ff|q JTTqTffm; 

q^fftq feftff irmRiR ^snqt qrqrqR qrr 3r«mr qqrqr i <n ®RT3ft qft 
JtffT q^qTff «nr>ft *ft>r sffq sr?rr 5 ft ^ qrtrqi i ^fqsft F^BR^rr^ ff qsrrsqiff 
% aTRffff qqiR-qsrrT, qtqqqTff, ffffqfrTBqrff, brFt w, qrr-q %?s qsrri 
Jr?qTfe.qR, srgsferT ^ fqqi qqT qrrq't^qqf^qqq qFtK fqqBftqrqq, Jrq- 
fqiR qq 3T5ff^T qrr ar^qiff qr^qr i 



srnsfrr fasn qrter qfeqq 1 4 . i 


3 0 


qq£Ttf% : P % 3T ? cT 5 Tcr PrxtX fWPT, ?^T? ci r iwq cT«TT qftqq-fqsrrq TTSqqiq, 
qqq?t fiff^uT faff* TT azrmiTR |^ sifafafP faFTTfocT qqrqqr PX gfasft 

fpqqsrrwaft qq pi^r nf s sft q^Tqsr % §q - 
_ faqR tiq fsrsrr 

- fasrfT q?r qraqtfaqRq 

- 3TT%-ffr H'irifr qq faq^R 

_ qftqEq qftrsTDT qq qqjfa-faqrm 

- fur^rr q;r srgq- g^qq ® srRqtcrqr q?t qrqfd 
_ J=qfq aqffficcT faqR 

qq pt-fft |g q^qp qqqRq - qq qqpqq fqRrfpq ^qqrqnfr qrr qqtq 
fqrqf qqj- 

( 1 ) HTenTT-faffoT :— 33 SPR |, ^ P[!p ^ RRTqpft | sft 

fa? frrfqq srlRrqf % ^^?et if ^qqr tr^ qq grdR | i ^ s^rat 
3T&rrTcJr qfaq ?rTPr?rT-fafmq qq faw 'fl'Kcft, prrqq (xt^r ) §;rt qqR 
fw qqr | i frrfax % srn?q fft ft <a;q qg sr^q fwrf^xr«ff & srcqTqT 
wr fqqg fafpRtq qrq prR-sft sp sr ^jrt % qft ^ i =rfa> qf 
fqfqx sfaq-fnfqq qm «tt i qq: m qq qg q ktpt q$' fqqT ptt qqrr qq'Tfr 
hr fqqqftq furfqq qrr qqq xqurifa srrfq qq S5*r^?rVq sr^rr^- qgt gtqi- 
frgr !TT^^5q?TT qgr i 

(q) Nfaq prqrfor % jqR'tfqqi', qrqfqqr, qtfaqr trq qrqTrqq? faqrm *t 
arfar TRq'iir r.qr qqqrqpfr qqt fyrfaqrfqq'i qrt ql qf i qqqrqsft ^qt 
fqfqq |q; qqrc q?t qf i 

( 3 ) fsnfqrrfaifi q^t qrqRq qfafaTqTqt qrr |g g-ypft qqqsr qfts «ft 
fqfqqrfqqt qfr ^qqO- ^r^sfi qfcrf^m % fwtr eft qf i 

^fer ?vr qrr sr^ct 3Teqqq % pr^qt qfr sqm- % wqrq fwT 
qqr ^fsp qsqqq qaf^'q 3ITEnf^ qTqraq 3Teqqq % I aqq qfqifrq % 
3T5rrqT 3T?q qisq^q- ^fqiqt q?r ar^qqtq qqgpp qft qr^T qqT I 

^XT fsRqR-ST siTT^TT 

q?gq fiqfqx qq qq? pr^q qto v^aji iqo tjq 0 ^ ’STqTtqiqqT q 'sr^TBqTfq* 
aprafr qft qitqq-fqqnq qT5qq?q qft qrTqqrr<t is^r «rr i 

Blffwmr q wrarsinfqTRft smfqqqq ^Tttr^ ST^R 



: 5T¥TT^ ^ STfiffifllTlj 
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BqrqqF trf BlWTBnfaFTarf f afcra tfsTR ft firfa^T VttVft mt ^ 
|it irf ft wrrr fa srcJfa ft wt 1 1 u?rft farem fafir wt 
| i g 0 % BisrTHrrTP ? ^raiBinfq'^Tafr % ?itt 1 1 

srfireprTforf ft 3T5|% ^ ift fa aifar-faniH ^ ffaffafoft faro 

I tffa fsm srfW 11 ! |‘3 5$T nffTSiTfr ^lfl3 I ^ sfcreTV 1 fft ft 3| WT Jr, 

^ ttshsfh rmtft ffa % t*rrc sx afaror swr ^T^rr ft ft rmi 1 1 stct 
arfsrcrifsw awn *r srfiraff ft ssr erri arwronT 1 1 srega faff* ^t Rrrr 
^ ; !t BTffTHrrrtf w BT*WTf<PirrsrT ft ffar-ffsrTJr maw^R Jr smfto aim 
srnTrimr, E’-ri^r, vrftm anfe *r or«mi *mr *rr 1 

faff* % Sffaw fcJ^rT Jr faf ff*falc*l*r Jr ^ gfffm |3TT 

fa 50% ©f^TSJTH^ <r«TT **% W^TwnfwrafT ^ WfTTR nf arm STM^H 

sw, *Tftm arris spt a^t <r^ Jr ^fr ft smr ^r ffsrrcr fr tot 1 1 
srjjff faff* srr tffarsr «wrfatf*f ®rarsnq¥-«raTBiTTfq^ it **rsfa?r- 
Err^erT^ faff* % sntt*i ^r sreq-JTTr wn «tt i 

ftr sr*ns ft srfaf f f?K TOft snfHfar farTcr ^t Jr ip vx- 
T&«®r farr tot <tct faff* ft sfrifar to am sronff ft affair ?*f ft 

^T TOT I TO SWlft tfa srfffiTOTft S»r fafaTO SUf S^TT fWT SfT *?T | I 

W TOwfrof f Jr ft fafarr srfcTf^qrtr srFcr it sft arw- $\ *r ft 
farJm ^r srapr fa to to ffaTO i it $\ ®T^TEm'T^-®iWTE!TTfq^raT> ?r ^cr. 

f t Jr *rfWk ftrftT % ^ ^ Jr wr»r f*wT =rcr ^r xx sr^ 

^ sfirfipm; f 1 

tt Tf^ 3 T$r ym 

H«?q- % ^rTt xx ^Jt swift ^rr stew^ ^t ^tt i vs 

ft mi ^feft Jr =twt famfr farcor sr^grr f- 
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srrofcr Fstto site qfgrTO 14 : 1 


*TR*ft tfSlT 'q 
qx ^ yqi^ 


totoTO 

faqTO •iRk-'qU 

fTOTO qVTi"T-TOT 

fqqTO qflT-TOq F?qq 

q>q 


TOT TOTO TTTOT 

TOT TOTO TTTOT 

TTO q-qqrV qnqr 


ETO 


V 

qx 

k 

TOTOq 

k 

k 

q° 

k 

q>q 

XX 

k 

qx 



sqqk totto q toFto ?tr t q§ ttoj §rar | to ?rqtFsr%' ?r®qT xx to 
grq-ifqqt TO | Ftoto -$\t tot | qf Hsq'f, to TOTOfqq'V TO rtoqT qq & FcrgTO 
?r TOtof | Ftoto qr< tot | qqr Ftoto *nt Ftto qgr to^t fgTO 1 ^faq: | i 
to. q? cr«q tttto wt fqr fTOro qfr ftpqn| arqrqqqqr TOTOfqqT *tr to totTO 
| ark srck TO ?rg;FTO totTO | %Ff qf topt rm totto TO FrqFrci TO% q|t 
fw qqT to: TO<k *ttt topt gq? toFtt (sto) to TOrtt | i gw FTOTOTOq 
TOTO gq 3pq totto'' to <j<jt FtoF?to qito Ftott qqT totoh tt?V FtetoJ qq 
qf'TO ?r q^qq; |> rr%qT i 

*rrwr V9 

FT¥t *r% sr^rr^ 


Trrqrql 

FqqqV qTTO-qFq 
q€V qqqCt 

Fqq# qTOknFq 
qqr to TO stott 

FtoTO qrTO-qfq 
gqqq ifi toTO ttwt 

qrq 

T5Tq 

k 

qq 

q^ 

k 

®TOTg 

qx 

°x 

qq 

qq 

q>q 

X^ 

q=: 

qx 

.sq 


qqg tr qTTOfY % toFto to & qf grra |kr | fq 1 FTOk TO fqrqtan % 
TOTOnq FTTO k q & X3 qTOlfqq'l' TO qiTO TO qfq qTO t 3Tqfq 3rfETq.' q®TT 
Ftoto qfqTO XX q% f qfr qrTO TO" qfq toTO f ark qrTO TO qf% 
qq?T toTO TO TOqT r | ark gqqq qrTO TO qqqT qx | TO Ft? toto 
k^x tot k a '*%% q TOTO Fto^t TOto^ qrTOTO gwr % k tot I i ttto^t 



5 rkq-fa^-srkr-qfi!T 5 T<'r - srore ^ srfafqnrrtr 


33 


3T5 | ftff 5fr^T-f^rr5T ftlf^TT % STifrffl^ ^TPr 5TT^t nfcT =FT rrffkr 

w *rfnre> i't H=Fcf | i 

*rrc<jft ^t ^ 
tt% tt srere 


rrRrfa 

rr qfir 
qk qfa 

fqiTT q% 

qqq qi^r 

qqro qfq 
flqrr qT^r 

qrq 

ETcT 

Vo 

q° 

q« 

qy 


q^ 

o7< 

q^ 


faq 

faq 


^73 

5 ^ 


qqf w mvn) w&t * ir zzftru ^tt % finfirw ir fbrcr qq% qq *r%rr 

f^TcTcTT | =Tf| | fsp f%fqT % STRlfr^t if RR riffcR ftcfV | 

u ^% ^nfkTT Jht Rr?r nfa qT w swt shtr qm tptt | i rreqTciR 
% 7[\3 H^TTfTTJfT EM RR *Tfa qi kf SWR qfT q^T, smfc W 
qfa g;#Rcr xfj RsrfsFr qs, k^tIw i!\ 5577*7 qfr qrf qf i sqm qfrr qq spqrr 
Tf<T7 R fq if |Y ^T®sft*r RTO qfcT Ik % |t PRcTT | I fkf RR RfcT 
qsq % Epv^nfr ^ If g;w f%fq?Rk 5 TT=q qq 37^7 fFfr 1 rttst q| | far 
qqRr jfr tfr t^7 |t rr 5T^rq rr qfa xk ^ ark | 1 


^mr 5 . 

%qr tt snrre 



Ejrg-^q fspqr ?rr^ 


^c?r^q %q7 fqqq 

q'm 


KX 

oV 

oil 



n 

q^ 

D 


qk 

isS 0 

qq 

°4 



qqq'pR qiRU 5 t©tt 5 ir qqfkr ?tT % fkim % q§ cr®r ¥re|t?n | far 
farfqq % irpfrfnqrt qrr qp^nfaifT ^TY fatrr eit 37-isT qmq qfT % qqtffr 
£,\ ir ir \ b ° fa ^Rfarr ffarr qq ^racRp qsrrq 1 1 iqq?T rrfcreicr uq 1 1 
faq qq EfYf qqjq q^T 1 377 rqqqrT qfcPJRT q° ir fa qrq | 1 
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fmsTT qftsr qfeqq 1 4 : 1 


wmt qTt fqqr % ©r^Taff qq q^ srqR qrq |3 tt q? aiftfEnq qq fqqq- 1 1 
ftrfaT Jr snqq, % qTqtfqq; rrrqqq *pr % qrq qq^Tafr qq qq;q Jr q^ 

sqq srep qft qf 1 rf T qqqn | ©mrafr qrt q’rql'fxq; qftR qqqqqr anfq 
=pV fqqr Jr qqq^q qq^ qrflrc nx f E qqrq njnm rfr fq^f q? qq^Tq 
qTq | q£r q^qqqq Jr it sq^r fqqn in qqrqT | 1 

HTT^fr TOT ^ 0 
*T^ 3 Tt fa^TT qT 5 TSTR 


q^qTqT 

■gqq n€t 

■fq nit 

f ^ 'jqqq Tft 

qtq 

iqq 

Vis 

0 

q^ 



qq 

3 ° 

Q V 


qtq 

%n 

3* 

qvs 

& 


qq^qq mvit q*§qr 30 q srsfcr nn qrr t<g% qq mp qrq q^ qrqJr smft 
% fqr qs^- qrsfr qq qqqi qqifqqr f qqT f’l qq fqqfq Jr qfqqqq q |Ut 
qr^ft qf q©rr q\a | qt fqr ar*# qqqi | qk ^ nk qq^r qTT q^T q« 1 1 
qq qq?; <rm trq qqrrTnqq? swra qi?fr qft n®n 3q it inrfr | 1 in fqr fir qq 
q/q | 1 fq:q qt q^ifr Jr gpre | fa ^r fa?n •it fnfk qq qqqqr?qq? 
qqiq | 1 qfqr fqfqq qqrq q^qqqqrq qr qq. qfq qqrq qft sfaqT qrt tfV q§T 
qTqV qrffq 1 fq qm sq qnTVfkr fqrqr qq qq qft Tkrfq qq qT qqiq qqqi | 
qfc qiqfqqr ffafq Jr fqTT If qfqq? qqq % fqfqx qrt qq^TT | 1 


m fvft ^r^qr 'T ^ 

sptft 


qrqiqt 

5nqr?qqr qf§ n 

qiqrrqqr qfe qift 

qtq 


qffir qqTq |qT 

if 


^qq 


oc; 

\'i 

’sqWTf 

1 

J1 

0 ^ 


q>r 

c;V 

3 ^ 



gf^fr-f^iH-^nr-srftTeTOT ■ qqiq qq srfqftqiq 


3 5 

qqzfaq qrqft q wr 'll ir qqfftr arrqft % apftftq ir q? qsq wr*m %wr 
| ft w fftftt % aqftqq Epi qqnrrcqqE qqTq etct qq ©r^ift qq qqTq qq ir 

|3fT t I \ y if & qft qf Rftrl qft I ft fftft % snftqq fr 3q% 

qrq ir qfe ft | qft Jr ir ft qrr5rrq qq qsq ftr rftqqqft | i qft fftfq 
fTT^rcq^ qfis q ftq % qft Jr t 1 

qqq qrqft ir qqr q^q qTqq aqqr | ft Era-^rwftT ft qfft ir ar-q rmrqT 
qfl- 3mr qrqrfqqr qqiq aftsTr^q qfftrr farr | qftft ^ ir d =;y wz-^ram 
qx q^ qqTq |3 tt | qqT q^ftq rftqqq ftqr | ft ft jrq qsqr qq y,%| i 


STC«rt 3W <n 
arr^fiter^ft *r 

(TTftf^ qft ^TT^TcTT^T ftftfft TT ftftTft) 


q«rrft 

fqqqq qqr 

fqqqq gftqq qgT 

fqq^q qffT 

q>q 

sqq 

■ft 

i° 

°1 


^TWrft 


oq 

0 0 


qtq 

vs3 


o') 


qqqftq 

N3 

qrfqft qqqr 

ir qqfqq qrqri 

qfq ft qr^rq^ft 

1 1 wft 


afWTqft % ftfqq ir , 5T5r -EiTftTan % fqqqq q^ q'frcrrqqr qqiq |stt | ftft q§ 
qqTq ^%ir arftq; qiq-qqqTqT qq qTqi qqi | i ft rsT^-^T^ift q fqqqq ft 
fftft ir ftf qftqqq q iftt Fftqrpc ftqr | qqft arqqrq % qq ir qq wTq q 
fqqqq qs^ ft fftfq ft rjqqT ft | i ift ft gqqr ir rq-qrafr qq qqqqrrqq 
qqrq qfqqr faq qftrfa ^T^Tsfr Rr qfqqq $3 \sV. | qqft wt^t qrr yy ^ ft | 
ftfl ft fqqrqrq q^ qqrq vs^%OT--®TRft qq garr 1 1 

ftRftT gw <1 ^ 

TTftTftTftT qr SSTTft 

qiqft qqqqqT qft qqqqqT cftqq qft qqqqqT qft gf qiq 
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strata fastt mg qfem 14.1 


fnftr qrr qq g^rg ^qqfat grmft mm 13 *r **rfar tot 1 1 
?r tr =;i 3 ®T<s-®mf 3 fr ^r gfafagr q? | fa *r qfa §f 1 1 

^o.^% ®T^-OTiafT spt ^ gfafaqi fa ^tot *r qfe ft |, faffa 
sft ^nrarar w afcfa 1 1 fisra c ^g-STirm ^ tyrnrai fwfir *r wf 
qftacfa refw *nst fam | tfa tstst w | fa*fa TfaTUfTT frqfa *r f ts 
qgrqT 1 1 

mg-’smisfr ^ # qfar *r faq^ ^ qq 7 $ g«q gr^fa mm | fa 

TSToTTafT % XT^I %t ^ m^Taft Tf % 3° ^ gqfa £3 .uK, ?t TfaTTOT *fa ^TOT 
fi 1 1 ^fa ^ >3cfaT % *r c^.o't, % ’STmr % tt^ttot qfe toe& 
qfafam sqqg qrt | i w cr^ 3?r mmfar qftfaqfa ^sx | i 

mvft TOT 

^T^T SR^f spt °R TO^ 1 



qfa qsr 

qfa ^qqq 

qfa qsf 

f^r qfa 

©rq 


« 




R\ 




qfa 


0(3 

T° 



ot$rt arott tott % mfafar % q? qgi tort | fa qrnf grfa qrt 
qfa fauna srrfV, ~q ^wnfarf qfr *rai ^ | far fa $ ?r *r % | crqi 
fafatf qfa q ^tf qfafag gfr fm % f ?r mg | sfr fa jqr gg fafa \ 3.35 % 
1 1 qifa qrt qfa mfa ^Tfaf qft trem 30 f fat fa jqr qrr v «i% 1 1 mth, 
jmm mfc qq ^rfa q;fa qft qfa q^ gmr?*fa srcre mm |, ^ Jf 
^gf *r irg mm aro | fa?§ mm qqrnr^ q^rq qqqi | q^ fa^offa 
t, ^gqfa 1 1 


^r-fERTnr-^-srf^STiT : anra ga jrfafanrcr 
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^TT 777ft TOT X 

*TOr-$rfeaf qq q^ 


n«TTnt 

wan nfm afar anan nfap gqqrr 

aaan nfarr nat 

afa 

wa 

n 


rt 


STSTir 


H. 

0 0 


afar 

V 3 q 


11 

& 

wm, 

fatm^mar ntfa 

famaft sin anan nfarr aa anra a^an | 

?ar a«a art 


fciTTa *t anna JT? n'T'fa W a^Tat fanT nnT fa aaga fafaa an aTWlfant at 
anan tnfrR aa am amn am 7 nanaa want awm ■!* a qar am a aft nnfa 
afa nfai f^ ^ | i fa nTafar % sraaffan ar nf am werr | fa anan afar 
nfa nfa anmfant art arem vug | aft far far ^rnfar^rt an at faffa srafa an.% 
1 1 aaaTafa *r arnmrwn amn s^mak | 1 farnart anan-arfaer g=rmr a^t 
?nnt s*ht 13 I aft far fn ^pt q^.v.^ rrfcRTcr 1 1 anan nffar aantf sr^rr=r n^t 
ftar aft aran *r an arann | fang frs mart ^ ( <n ) anan nfact ark arr nkn 
faar | aft fa gn ngarapT nt arfas^T wr | 1 anam far fararr^T aw 
arnfa arm fa nfan fatsrrn afamn an anan nfan aa aranaTwn anm 1 1 
mat aft atm marat aa nanarwn anra afan am i 


*rre°ft toi ^ 

^feqrfk qq qqyq 

c 


arwTat 

aaaarwar rrata 

aaaaiaaar aara 

aa# afanaa afa 

nk 

aaa 


a 



rsratTq 


0 

y 

O' 

rtr 

ata 

=r 3 

a 

1 " 



farna sift fanr, fawn nfaaartn an fararm ?tnr |, arr at smmfa famat 
^ aarfan ftgt | 1 ^n aw aft wm ^ aaaia n^ amt an awn faw nw fa 
rragrr fafaa ^pt ma-mamt % ^ffaafar aa anr anm aw 1 nanan want nsm 
k % aantaw t am =wrm | fa % Ir si ma-anwat a? aafn sv ^% 
ma-mwat % affaatn era aaga fnfara % fam-anrrat an nanarenn aara 
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srRcfrq fteu tta Tftqn 1 4 : 1 


qfT i 3^% f fetter qrt fen nfro^Rr ft i £,\ t ^r v wra-wnraft q ^qqr 
ift fsp 37T% fffeFt°T TT fVrf^T"?: tt fsFrqTafr fTT ttf ?'*TT=T fft RT I V. ’STcft q 
qqrracq^ srqTq ^ rjqqr <FV qqfqr tt^ -4\ «5T<5rr q ^?r rrqqq qr qqqtTqqq; 
qqqq s(vr g=qqr qft qt i zfr tfr qqqTTcqsF srqqq tt ffe ir tt stwt^t qrr 
srfcrsrra- ^ K%©rtr % srfeTcr it srfeq | i 

grower ftfe % f^fTSTT "TOTTT qq 'EsT3'- , ST^'T3fT ^ ffetM R qqqqrcqqr 
srqrq ft qq;iq 1 1 qqnqrrq qr tar \% ft fferqq st't^t ir qrff qrtqqr qft 1 1 

m?*f\ ^f®n v* 

^T^TTeTT^ SWR 


q^Ttr 

fqsrrtt qiqqTiT 

fqqmcqqr qrqqTq 


qm 

0T^ 

yy 


iq 

^y 

0T^Tq 


0 

■R 


q'rq 


0F> 

^0 



STT^Ttr qTqq-°qqfR qj| q-qrfe flT^t I \ fentt ^iq *TTqq % sffqqqq 
qq qft ferr % fern qrqq f srsrf% fqqymqqi ’ffrtt it sqfecq q fqfrfa arfe 
| i 5f?5rT swqq ir «rnfr % fqETTqt qq fqqyrrqq qsfr qt qfq qfr qf i £?. % 
ir R ®T^-©i3T3fr P g;qqr -Ft ft % q farfe ¥r qqtt «tt^tt3tt qfr fent qm 
firm | i ir sm-Brawr % 'q'q •‘q.‘q < K> sfcrfqfeq qrqq | i q^TTrr^ qqTq tt 
fttt qfe rntt qqr qt vm qft t i %mr qqq ft | afa fqqq qfeitr ^,o?% 
1 tt Fqv ttf qrtqr qfferq qft f i qf r r mw-STmt (r qy.%) qir f tt ft 
f rr ftfqq qq mrtt qrqqTqT r tif rqTq qft q'Trt i qf qrnft aR’ST qfqmr | 
rrm 'j# ir qPnq smart ir ffer ?rqrr=r =r^rrrrr | i 3rrn F^qiftq 1 1 f ?r 
frrwm ft rrT 'qrffr3TT qf tfr frcTrql' snrr^r ft arf^ f stt | i srt ^fr ^r 
rr^rrr | fqr f?rFqq % fqrqr-f'vrr'rT qrr ^TT^nrrsfT qq q'qTf tt rr^^ Ff^rr fqaTqr 1 1 

®t^-®tfTT 3{T qfr 5fq?rr qfrrffrrqrtT tt ^ Fqrrr qrtq % ftqrr gj^ft qrr’r^r *ft 
fftr «r i ^r ^rat fiTqti qf fTf srfa-qrrrq rr^rfqq'T srtr srfqrrr qfTq^t qFrr- 
fiFfT^ fq^rPrer |- 

1 PTffr: ir qTrr: ^tt tr sn^rr qrr fqqrT^r f 3rr afh: sTefr qtt 

qf?n qrr ?rrq «ft fsrr i 



^qq^qqTq-sqrsT-qfwq : qqtq qq qfqfeqtq 
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? fqfqq % qq 5T*rrft sTlTT amrf iff qqq ¥?T TT^^t q qqqq^qT % 

srffT qft ■^rr^^TT qq fqqqq fqrqT I ft^tt qqqft q^m ft qggfq qt 

qrqrf | i 

3 , q 3 fqq fjp^Tsff qq qrrTtfqq qq qTqfqq? fqqqq qq qwT’qqVq qqiq qqqT |, 
sqqq q?m aigqq fan | i 

If, ^STT-SJTR % fipsTTfocT ST'fl'T^ qfcrfeq qq qg^fq fq - 

<1 an^qt-qtqT tt fqqgTq qft grqqT-fqqqq 
q fqq sfft qqqqqr 
3 . gj qF®7-grfer fV^r^r 
'i. qTcq-fqgqrq q qfe 
H grrgtr^-fiPmaft q garrc 
■c. 3qq|rq qq qqq 

H, qqq'ftqq % q-rsqq % qTqfqqr qqTq"t ^ qfqq qft an^q^TT qq qrqfqqr 
qqrqt ?r gfq?r qft sr^^f^r gf | i 

V aH’^-ferrT’T-'TTS’TsF’T % qqq q fq oXrr^qTqt if jftq;T-fq?rTq qft qTqqqff 
% qiq-qtq, sftqq qq fsTSTT q qq% qgrq qq STSTR g 3Tf | 1 

u =qqqT ®rqr qr> sqqq ^>?q qq qgrqq qq arqqq fqqr | i 

t; fqfqq qq qqqqnr snq qqq ^ qrfq qqr qq^ % qqqq qqrq qiqT qq qqT 

qq qrqr TgT I fqfqq q?V qfqqr qqq qrq ffqT qrfgq qT i 

i qrqq-fqqiq qV srirfq % qgqiq qq% fgfsrq qq qfqeqq |g qqqq qqqT q 
qgqqt qfqqqr gfa qrfgq q-qqT qqqq qfqqqq qqrq ql' qq qqrqT | i 


Iqtqrq,— 

3- qqgq q^qqq qrr qqr qgq sft qq. q qq qq % ’srqi-sqTqq; qq ’srar- 
Eqrfq^rqt qft q)-qq-rqqTq-qT7qq7q ^ qTqqqff tqr q? I 

qnqft q^qT 33 *r qqfqq qq % fqg^rqq ^r garr fqr « n% 
®r^-®r^T3ft qtqq-fqqrq qqqV qTq q qfe ff i qq^rr gfe wrq- 
qraTsfr % fqfwq q ft i qfqfqrqrqt if m ft | fq q %qq qlqq-fqgrrq 
qqqf qrqqrfV ft qfqq fqsrT qq qVqq q ^q% q^q qq qTTtqqr qq 
qV qtq f qT | i 
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qrqqrq furar wter qfkqq 1 4 : l 


fq^q q? | fa qegg fafqt Ir ^m-TSTcfrafr qr> qrqq-fqqTq-qrsqirq 
TRsft ^T^r^TT^t trcf qqrqft sfYspr qq fasTT'^q Jf ^TWcrr qq ?TTT 

|3TT | I 

5T?gcT 3reqqq qq Z^XT 5TW ST^TBITT'T^ q 'EsT^TbifTf'T^TsfT qq sftqq- 

fq?TTq qrsqqrq if qqrfqR a^RT, ^T^TT^TJT, sqjq qqqfarq arifc qq 3T¥qTq 

TO^T ^T I 

^T^TfciTT'T^-Sr^T^Tf’T^Tafr spT qqqqq auqq, qrqTqiq, Si TFT, qqqfwq 

3TTfq qq fqcq 3rRTq qRTqr qqT I ®TW-®mT3TT % qqq aTTHfnf? qt fqqT, qq% 

TTTTq qq qfqfaqTafT if r ^T |, q? I^qq 5RTq | I fqrfqT % arfqq ?T 

fer^fr it it? gw fqTfa°r qrq zm qqT fq fqqrq ©TeT-'sraTsff ir Orfw? arTqqrfe 
qft qrq qqiit qff cthctt q>T fqqqq farr | i fq*q>q q? fqqqqr fa , 2 o%^r^TsirTqiF 
qqT =:V,% T^qTsqTfqqqafr ir ^tcTtet qq anqqrfa qrt q.q ttw % qwr ^ i ?qir 
q? grc ^Yctt | fa aTTTrqrf? % 3 TRttt qsqrq % ntq q?)r gfq ?| i 

3 5T?5cr qsqqq qrr cftqrcT *rw ^fVw-f^WT^ %■ *tqr feqqfa qqq-qfaer-q qq 

TsqmsRqq qq TaTqreqTfqqTafr qq qmq snqqT ^t i ?tt Hqq ir tttr 

fq^q $$ qqqq 1 1 

^rctx qx srmsr 

(x) ^Tfrffa-'qTq qq qqTq-qTTftfaq-qTq qq st+tr qf qfe ^ fqRrq q? 
fqqqr fa fafqq ^ faqT-qvrrq’T qq swrq qn"tffa ?nT qqir q?r sftq 
?fqq ^rt | qq'rfa ^ ir it u ar^Ttr q^fafqTqfTOqrfqq'f 

% qqfa qrq ir qnfT |f q? qqTtrwq TWTq % qq ir arfaq faqT 
qqi i qfiqg qrRit Tfaqr-'q i 

(»q) qr^t-nfcr qq qqiq-qRl'-qfq q> qgfaq qrqir ir qt furfqq; % fqrqT- 
qqrrq qr^RR q| — iqrT qrqqt qqqr a ir qqrqT qqT | fqr srfasp qqqr 
ir q“T qT^t qrt qR qfq qat | i 

(q) qqTTr-qfq qq qqrq - ©Tq-wr^Taff qrr qqr?r-qfq arfyqr *qV fqfqq ir qrq 
Xq ir ^qqTT qqrg'-qfq qft | q^ fqEqrq ^ir fq^rr qqqqfr =: i' 
fqq qr q?r ir sTt fqr q? qirrTqr | fqr \x R%qwrfqqT q^V qqr^r nfrr 
xx fqrfqq % fqrqTqrrrrq'r q^r arg^nr swr |3tj | i 

(q) ^pqq-fgrqr qq qq T q _^qq>q qVq qr^fe q^Tq'T %?T arifW 
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faqT qq ?rvrrsr fatrqr |=tt i ^ gr-qEj | rrntfV stept £ % q^-fafar'JT 
ir fa fa q^ qqiqr | fa ^~< ^1% ^ra - -rarer raft fa - 3 qfah-faqT ir 
§etr farn fq GE pq q§ | faffafafa faqT-qn?rrq swfar faqr fa 
faqr qrfa Jr qqrfa | 1 

fa<) spr fa faqr qq q*TTq - ■gqq fa faqT qq fa ffafa % faqr-qqrrq'T qq 
arf^er nqrq fsrr 1 fafan, srrfafa *r«qr v fa fa? ^ *r *r srfarr 
\\3 ^0%'Srq-m G TT3fl fa ^ fa faqfa q STfafar SfrRpfV | I 

(l) ^qfaer ?rfa qrr ffaqfa zr§ | fa ffafa % ffarT-q^iqf q;r urrfaffai 

■faqrrq qq smrq f=srT | i 

(r) ?rrqrcqqr -q,-'-r - faffa qr ^iqr?qqi qgrq ?rRfa *rsqr n & ^spr 
rjsq^ i! fa s.% Jr ir srqfa s s v.% ©ra-sTarafr % str ir MVt 
% qfarnreq^q qfe g£ | i 

{%) qrqfaqr nq qrqT?qq? qvirq - faffa % fatrT-qrprrq'T qrr <35 

qmicqqr ?r-fe ?r fa rrspRicfarr q*rR |srr | rifar Jr sr smfa fa 
ffafa ^q ir s*r ffan rt srht | i 

(q?) s,\ ir vs^ ot? - rare raft arfarr vsV°*% qrr arm-nfaf? q< faqq'p fa 
st^tt qfa | i tfaq JTTRwfj- fasqT-q^ i 

(fa) q;qnw qp q^rrq -%;*r?r ^qsp farrr |fa s°.^% ©ra-^rrnfa far 
ffafr fa trqrqqT fa' ffafrr qrr fqqnrr garr | i qfaq rrrqfa >n^i 

(q ) qfa qrfa fa fafa .-qT fa 34>urcq s F swr? garr | qqtfa fa % 

'sra-Onsnfar fa qnq qrfar fa' faq qfa | qfaq rriffaT qqqT q« i 

(q) ©rq-®T?TT3fi *\ tqx.w qrfqq % faq>rq % qqrq' fafqq ^ ^^or- 
qrfqq qq srrnq qTr q^fer I i tfaq n'^T i 

(^) tqfqT % qfaoTm^q^fq ^rq-'srqTsr'T qrr qfefam qq'RT^q? |stt | i 

arfqq^qT sr^l CT c;V \<i% ^Tf fFrq'qr?q^ 1 fa 4Tq ^3TT | I q§ fafa< 

^ gqqTq | i ^fatr qsqr i 

(q) 'qTqqicqqr gg IT-faffa % qffafq Tq^'T ^Tq-'STqTsfT 'Pt qrqqw 
fagrqTr |f | i qqfa fqqErrrqqqr -p<t ff 1 1 qf ?Vr | mqqfr 
?TWT qvs ?T fa q? qqTql' | fa ^\% ^T^ifa fa 'nrqqlfa spT 
qfaqrr^ fart | i 
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(l) f^fTfcT?: % qfqqmpxqq Mq-siaraq % unftfqqv fqqrre qqqqqqqqq 
srqrq gari 1 1 

(^) fqifqq ^ STTT ©T^-WT^RTT % q'Fqfg"^ P.q fqqqqi qq qq 

qgt 1>mr fqqfr 1 1 

(?) 5 rRTf< 4 > fqqrrq q?) ar^ar qiqfqqr q ■qrqqTcqqr fqqqq qq qqrq qqTqr 
fan 1 1 

(tf ) qq qgr qnqYFqq? fqqqq qft \f*z & sqqqr q^rq I; qqt siqTaft 
qrr q'i?rfqq' t>q qiqq'iqqq'' q$T, sptwV qvr ai^en sqrqr gg® garr | i 

(x) sTTfTTFqq? qqrq bict - ©ra raft qq wt £i gsrr | i 

W* 

(?) qqgq fqTfqq stfcr arqqqqqftq fafqq «rr i st?t. i<T qtsr-fqifqq qr*r ftm 
qqi i ^ armrafa fjfrN^. qrr qiqlfqqr mqffr^ 4m?rTcirqT ^ 
?nqr^qr q^R arRqq gV gtqT i sra qVqqqqfrr 1%Fqq virt qvq sirr't 
q>T ar&qqq SRJTT I 

{x) SnTTqt % 3R4ER qf^E ?) qq^nr !Tq q-q q-qfynr srsft fSRcTT ft 

fqrqi ^RT qRRaT I I qq^q 5qesfqq ft ftq[ qgft fqrqt STT qRrTT 1 
qq qTR qfRirq Rqq qr) qfftfwnrrafi ft- qq rrt 3ftfsrcT I srr 
>jq qq qq^ny ft i ^ 'qfft'R ft ^q 54 ftq qq qfq’qmft % 
qmiX VX 3TRIR fftqT RRT q-rfgcr I 

(?) q^q aysqqq ft a^q gq qqqftT ftt fqftfcR qgt fftqT qq! I^Rf? 
sittr, qq cq frrqqT3fi qq 4474 qq f 1 fqqfftq |-qrft fqqT 
qrgqT qft qqq qgT fr qftqr (ft ftY qmq (qqTqTRq tR qqrr- 
traw) gr> | ft fftfaq % fftqRqrq’t ft qfqonq ^q^q 5V | 1 qTqt- 
fqqr ar&qqqi q qqiq qjqq ^ sfES ^ fqq^q q?' q'grTT $ l qf 
q^ qqV q/cj qqrq qir ^'t qq 3fEqqq fqrqT uTTq I 

?;q^ ^ q,4n ^'t Fqfqq % fw:qT-qrrrq fqq |q?: qrt qfr qqT q'Tq? 
®fiV ^q q,q qq qfffqn q;q 5^qT snq 1 

(«) q^q 3fEqqq % |q; fq^q | sr> fqirrqq ^rq-qq qq qqrrqrcq? 
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spur Ti aftT *r%cr 4 -.th | q^rfr ^ jrk % art Ttf *ft rwtritt 
ff?t HJlcfl I SffTT ffff‘ ^FrrT 1 ^ ft FTffT | far ffTTOctps FFR f^cfts 
^ sntr sis (Vtitt % *r>fr ftt ii fat? fad Ffr t| C t i btct wfeR 
% sr^rft q ^hV fti % faiprfircrm tY # qpft 

STT^sp I 

(y.) NspwTrTr^ ^ ■srrsrFi-fErsTR-'TreEr^TT % shtr*^ 

*r ^rf jtt TT-T.err | i am strY infer ^ q^ff-fawFr-'TTStrwR ?rf 

sivq-Trr jpTrfr % <tr sifrY Fi arsq r ff»rr i sRiRfer % 

flTBq-ipfi b 3 3TR tl^RT T> srffW ftRT 3TRT tfWR ? f§Y | 

rYOt 3 r f Iff f^Vti ir ?r§Y srfcF ?ffir & j ^47 tt cfr wtff ?r 

3fT^ rt 1 

f^E^rqcr ^ ^r ^rr 4Wr | fa aiiffY ?R*?r tftaraft % str^r 5r?§?r 
fafaT m srr ®T^-OTWi3ff it ftrfeT tY 3Rfsr % 373^1 37=5757 

TlWSR |3fT I I 3R T? T^ffT FT ^fara/R ^ T fa qYR-fcRFff- 

q- r<5^rsP?T-sTf stctwt ft ©rer-armt % urK, ft fr^wt pr ffa tt 
tfF’iTicfrfr sifr Tsnr | 1 

SUMMARY 

Jeevan Vigyan is a cui nculuin foi value based education Tins piacti- 
cal cumculum is divided into eleven units, It is said that this curriculum 
atlects physical, mental and emotional aspects of human personality Keep- 
ing in view this assumption this cumculum was given to 115 students of 
B.Ed class. The study aimed at irapaiting knowledge and training of the 
cumculum to B. Ed students and Studied its effect on diffeient aspects of 
students’ peisonahty. 

Analysis of data collected showed that moie than f)7% students weie 
benefited as far as cognitive aspect was concerned. After Lraining more than 
80% students weie able to perform Asanas and Pranayam, they learnt during 
the camp. Effects on physical development is positive 55% to 72% students 
found it useful as far as physical development was concerned From cognitive 
point of view more than 87% students felt benefited. The percentage show- 
ing effect on different mental and emotional aspects tanges from 66% to 98%. 
Thus this study indicates that Jeevan Vigyan curriculum has positive effect on 
diffeient aspects of B.Ed. students personality. It may be concluded from this 
study that this curriculum is helpful in the development of human personality. 


D. L. Sharma 
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qyqq hrr affafa fasrrq stt^t fwT qq qgr gfan i qrRq ^msy 

qiqfat ifaTqT SPT-^ % qT ^cft sift ) faq <Rg qysy ftfaqy % qfa, iyyq qTq 

STI^ift & $T ^ |, 3T| gqfa qtfaqf qgfaqt i ayqqt JltfuniHiaff ft STR 

qjqqt qft srst q vn fen m i qqyq qrr qfaq qrqfay faqqqy ayfa ffai qii 
^qyq sfaqr ft ft srefaq gfa qn m qgt | fa ?ifa qqiy ai’sfSj ?cm«q qr srfrr 
qrq^T Tg gft 1 au^r ?q >fr syqqt qyqfa grfafaq: qferr qq 3yqqffaq q:q 1 

^r qft qra ^yfgq fan qyst fai qyq, 
rffat qgt qm^, qqqT ‘Jit ^yq I 

facrqt qgq qra m £r| q qrft q§ 1 1 apsf qqf-qrin ir gtfa 1 ayfa qqf- 
qqn ff syfa qpqq q;q q^qt 1 1 'jit qt qfw grat 1 1 sy?r qqf-qqqr q ifat ^ 
^qq yt qrqq wqrq grqr ayfa qyqq ffaift ?r sTferK, syfa, qqq qfa, qfsqq t*r Ttu 
sM sqq fay gt qyft 1 1 qq qgcq qfes qfaq qfeyy qfayq gfay sifa qyq-qyq qgf 

qfaqy qtgTR qt qg qq gt qfanr 1 qgt fft *r qqyq igqy 1 


qyqqt qq 


qqiqt fqfayqq % sy^TTTC qyq^t qgffe qyy qw I I sft syqfaq qyy qqq | fa 
qyqqt q i^qt qfay fafaq | faq% qyqy qgcijq qryq faqy syy qq;qy | 1 qqqq 
qqfaq qiq srfq q:g?r f, "qyqqqq qfy qqyq qyqy qf qq | qg gqqy qqn | fa ijq 
fr qyq q qqq:r q'sqyqq faqy 5fy ^qy | | % — ny^T^t qq I 

qRfay qyq Jr qyqgt qft qfaqy qry qqt q^fafa ^fqqt q^q qqfeqy fy qqq 
faqT | qfa wt qTqqt q^ eft faqqr qfaq? qgyq qy|fqq; qyq q |, sqqq 

'yqyq't fair^yqif, qt 3 yqfa^ j qqfas ^y^q 3 y T fa q f^zyy | | qq syqqq sffq mfaq- 
qyqqt q?r q qq qfT q^syq qqfy =FT qtqyTq qycg | 3 yy \ sy^cjyq qiyq q oft, 

^faqi^Tf ayy i affa faq jyifi R qq^y faqyqjquy qtq^y q T q T q f^q Tj ^qqyy qnfq ^q 
q;fa qy qqyq faqy 1 1 


— 3 trt 4 tfnm 
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COUNTRYWIDE CLASSROOM WITH AND 
WITHOUT TALK-RACK 

INTRODUCTION 

There has been a tremendous expansion m the communication infra- 
stiuctuie in the country The expansion of T V netwoik has been pheno- 
menal with the launching of INSAT IB in 1983. The University Giants 
Commission in 19131 started an educational telecast for undergraduate 
students called the CONTRYYV IDE CLASSROOM. The aim of this pro- 
gi amnfie is to maintain the quality and standard m oui universities and 
colleges 

In India several efforts have been made to popularise educational 
television (ETV) piogiammes at school and college levels. At higher 
education stage Audio-visual Research Centre (AYRC) and Educational 
Media Research Centres (EMRCls) have been set-up in Indian universities 
to piepare ETV progi amines for college/umversiLy students, At present 
there air foui E.MRC.s/MGRC and ten AVRCs functioning m 
some umversities/inslitutions of oui countiy The E'l V has been used 
as a supplementary medium of classiuoro msti notion for university and college 
teaching programmes This study intends to cover the ETV programmes m 
the areas of Social Sciences 

The paper presents Rationale of the study, Related studies, Statement 
of the problem, Objectives, Hypothesis, Sample, Tools, Research design, 
Procedure of data collection, Statistical analysis, Findings and implications 

NAMITA SAHOO & Dr, D R GOEL, School of Education, Centre oT ENcellence, Devi 
Ahilya Viahwavidyalaya, Indore — 452 flOI, India. 
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RATIONALE OF THE STUDY 

Theie aie studies by Donenya(1988), Jaiswal(198h), Yadav (1988). James 
(L91'8) and UGC (19R9) But in all the abo\ e studies T V has been studied 
as a communication in one way This limitation can be oveicome wheie the 
vieweis can get chance to interact with the subject experts on T V, presen- 
tation. The basic question is that while viewing' the ETV progiammes the 
leameis may have a numerous queries on the matter presented thiough 
ETV With a vie \ to make this efluit successful the post telecast interactions 
ai e to be strengthened thi ough talkback activities Studies are to be con- 
ducted to know that what type of above purpose, and whether talkback 
activities can make the ETC pi ogrammes significantly effective Here is an 
attempt to study the effectiveness of talkback programmes involving the 
interaction between the viewers and the subject expeits during post telecast 
sessions 

With the above background the investigator conducted the present 
study which might be useful for planning, coordination and development acti- 
vities on countrywide classroom project m specific and ETV pi ogrammes in 
general 

S r AXEMEN FIJI Till'. 1'ROUI.EM 

The trtle of the problem was “A Study of the UGC. Gounrywrde 
Glassioom. ETV progiammes m tirms of then contents, presentation, and 
Effectiveness with and without talkback.” 

OBJECTIVES 

The objectives of the pioblem weie . 

(1) To analyse the countrywide classiocim ETV piogiammes in teims of 
their contents. 

(2) To analyse the cuuntiywide classroom lugliei education ETV progia- 
mmes m teims of presentation 

(3) To study the effectiveness of countrywide classioom lugliei education 
ETV programmes m trims of achievement of students. 

(4) To Compile the countrywide classroom ETV pi ogrammes wiLh and 
without talkback. 

(j) lo compile Hie achievement ol Hindi and English medium students on 
the UGG countrywide classioom ETV programmes 
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(6) To cumpaie the effectiveness of the Indian and imported programmes 
m teims of performance of the students 

(7) To analyse the reaction oi students towaids the UGG countrywide 
classroom programmes. 

HYPOTHESES 

The following null hypotheses weic fiamecl m i elation to the objectives 
of the study 

(1) There is no significant difference in tile pic test and post Lest scoles of 
students on the UGG counUywide classroom programmes 

(2) rheie is no significant difference in the gam of the English medium 
students and Hindi medium students on the UGG couutiywide class- 
i oom pi o gi animcs 

(3) 1 here is no significant diffci cnee m the gain of the students on the 
Indian and impoited IJGG counUywide classroom pi ogi amines. 

(4) The adjusted mean achievement scoie of the talkback gioup and that of 
the group without talkback do not differ significantly when pietest is 
taken as cuvanate 

SAMPLE 

Out of the countrywide classroom ETV piogiammes telecast fiom 
Septcmbei 1990 to January 1991, 10 programmes on social science were 
iccoided, The puipusive sampling technique was employed for selecting 
the student sample 40 students of giaduation level course of Sccial Science 
gioup belonging to School of Education, Devi Alulya Vishwavidylaya, 
Indore, admitted duiing 1990-91 academic session constituted the sample foi 
the study 

'lOOl.s 

The following tools were used for this study objective wise. 

MONI TORING TOOL — An educational monitoring tool developed by 
Goel (1985) havn g 16 close ended items was used for the analysis of 
contents and presentation of the study. 

T TESTS On each ETV programme the investigator constructed an 

Achievement test with objective type questions, 



48 


BHARATIYA 5HIKSHA SHODI-I PATR1KA 14 : 1 


1 REACTION SCALE —A reaction scale developed by Jaiswal (1988) 
was used to measure the reactions of the viewers on the ETV programmes 
having 28 items, both close and open ended. 


RESEARCH DESIGN 

The pretest, treatment, post-test, talkback, and post talkback test design 
was used for conducting the study. The independent variable of the study 
was contiywide classroom piogiammes and talkback. The dependent 
vaiiable was achievement of students. 

PROCEDURE FOR DATA COLLECTION 

The ten lecorded programmes were viewed by the investigate one by 
one and analysed m terms of contents and presentation through tl e monitor- 
ing Lool. An achievement test was used as pretest After this the whole 
group viewed the lecorded Social Science programme one by one Then 
the investigatoi divided the whole group into two equal sub-gioups Foi one 
sub-gioups the same achievement test was used as post-test Aftei it the 
other sub-group of students was told to ask question related to programmes 
and then the answers were given by the investigator. After the students 
viewing all the programmes the reaction scale was administered 

STATISTICAL ANALYSIS 

The data were analysed objectivewise with the help of t’ test, correlated 

‘t 5 , covariance, and Glnsquaie. 

i Foi the analysis of contents, presentation and reactions of the viewei the 
Cliisquaie test was used 

For the analysis of pretest and post test mean, scores and for the analysis 
of Indian and Foreign piogrammes the ‘t’ test was used 

* Foi the analysis of English and Hindi medium mean scores the cone- 
lated ‘t* test was used 

* Foi the analysis of with and without talkback mean scores the analysis 
of covariance was used. 

FINDINGS 

(1) Contents and Presentation of CVCR Programmes : 

- The sound and yisuajs were clear in itjosI of the programmes,, t}ie colour 
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choice was. appiopnatc Theie was optimum cooi duration between the 
sound and the visuals. The visual repiesentation was well sequenced. 

— The nunilici of teaching points when seen against the time of the 
programme were adequaLc 

The speed of presentation was quite suitable. 

— The individual teaching points wcie discussed adequately. 

— Language was student level, the level of the programme m 1 elation to 
the grade W'as suitable. 

— A laigc liumbei of piogrammes weie at understanding level. 

— In some of the programmes there was indoor shooting wheieas in the 
other lL was mdooi as well as outdooi. 

— The backgiound music and audio-visual ratio in most of the piogrammes 
could be nnpiovecl 

As a whole all the piogrammes wcie quite well designed and pioduced. 

2. Gain Through CWCPl Programmes 

In ‘8’ programmes out of TO 5 there was significant gam, whereas, in the 
‘2’ programmes theie was no significant gam because the progiammes weie 
just solo talk, there were absolutely no visuals and the speed of deliveiy was 
lelativcly fast 

3. Mediumwise Effectiveness 

In ‘8’ programmes out of ‘10’ theie was no significant difference between 
the mean scores of Hindi and English medium students, wheieas in ‘2’pro- 
giatumes tlici e was significant difference in the mean scores of English and 
Hindi medium students in favoui of English medium students 

4. Originwise Effectiveness 

Theie was no significant difference between the mean achievement on 
Native and Imported programmes. It means the piogiammcs were equally 
effective irrespective of their origin. 

5. ElFectiveness of CWCR With and Without Talkback 

The gam in ‘3’ programmes out of ‘10’ was significant tbiough the 
CWCR with talkback, whereas there was no significant dificicnce m the 
achievement m the rest of the ‘7’ programmes with and without talkback 
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(5 Reactions of Viewers Towards GWCR 

The viewers weie found to have positive reactions towards CWCRpm- 
grammes except towaids adequacy of teaching points, appiopriatencss of 
language and pionuiiciation and skillful conduction of demonstration. 

IMPLICATIONS 

(1) It is evident fiom the above findings that thcie is significant gain 
thioughthe countrywide classroom ETV progiammes. So the number of 
ETV pi ogianuncs could be increased For that the rnfrastructuial facilities 
for and pioduction of countrywide classroom pi ogrammes should be expan- 
ded Also aditional time slots have to be provided for the transmission of 
the programmes It is quite desirable that a sepaiate channel should be 
piovidedfoi the ETV progiammes 

(2) In a large majonty of the progiammes theic was no significant 
difference m the gam of English and Hindi medium students. Whereas m 
the lemaimng 2 the gain was significantly difleient in favoui of English 
medium students The pi ogrammes should be telecast in such a language 
that they are intelligible to multi-lingual gioups and the achievement is not 
affected due to language lag If a programme has to be telecast in English 
language, then the captions could be m legional language or in Hindi. 

(3) As no significant diffeience has been found in the native and lmpoi- 
ted programmes, so, the imported progiammes could be equally utilized. 

(4) In some of the programmes the gain through the talkback has been 
found more than without talkback So, the ETV programmes may be 
conducted with talkback. 

(5) The language and pionuncialion could be more appropriate, and 
the demonstration could be conducted skillfully. 

It is evident from the above presentation that countiywide classroom 
programmes are 1 easonably effective. Their contents are well developed. 
Also, the programmes aie well presented Students were mostly found to 
have -j- vc leactions towards the countrywide classroom programmes. There 
is a need to enrich and expand the countrywide classroom piogrammes. 

SUGOESTTOXS tOR FURTHER RESEARCH 

Studies may be conducted on the effectiveness of Educational Television 
in vanous modes as follows , 
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(i) Direct Educational Telecasts. 

(ii) Educational Telecasts followed by talk-back-live and mediated 
(ill) Educational Video is the interactive mode-live and mediated. 




W fallal StfSTT qst 

fqirqfqsnqq qqqTq 3TTT>T ITTT STTqffqq TT^ fqqqW TEfTT TRsTRi q 

qnqqq ir infers qqqiqq qrr gw qqTqT | i Mtot snfr %Tr qvrnq srt ^ 

qVFiT qqsm qR TnT I fqR'T ^uRT qTT RTcT sqfqq ^ BTT qR fspqT qrqq 
qq sfftf qqqq qfr ptot | i tqftfqT sqqsrq qff sq qW tt q^TqqT Rtrncfr sttt 
fqpTT «tt ?ttt | q^iT qvR qsfq qq % qmq fqqq fqqmq % qTq q^r. 

fMT TT qq?q t I q?Rq q^TTvfl TT qfcTqTcTT q^q | I ^q W^ft q qqq 

qq % qmq gRT ter qtr tjqq tot tt RR^vq fwT qT fq%qq 

ftfqq 3RRT q Tw | i 

fqqrqq q srcO ttt qqifro fqR'f'q q-faq? qqqqq 

^stt qqTq fqqiq TTqqrqi H qnqqiq fqTTi faq qn i qqR fqqrq qq 
% Vo rtpt tsTcTt qq qsqqq % fqtT RTqq 1 q f t q fqqi qqT i g;q qxter'q ^ 
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Urbashi Barot 


A STUDY OF THE ATTITUDES OF UNDERGRADUATE 
COLLEGE-GOING STUDENTS TOWARDS 
ENGLISH-LANGUAGE TEACHERS AND TEACHING 


If the learnei is at the core of any learning and teaching situation, the 
teachei and the way he teaches are of almost equal importance This is 
especially so in the case of English in India, which is almost invariably a 
Second Language that has to lie learnt and taught formally rather than 
acquned naturally. The progress of learners is closely connected to their 
relationship with then teachers, whose personal qualities, therefore, are of 
utmost importance. 

Theie is general agreement among students everywhere about what an 
‘ideal’ teacher should be ■ intelligent, sympathetic, emotionally mature, with 
adequate classroom management skills ancl a sufficient command of the subject, 
who must also be seen to be abreast of current development m his subject 
and to be constantly attempting to improve himself. The question is, 
however, as to how closely the actual teacher lesembles the ideal, and 
whether the differences between the two are wide enough to reduce the 
students’ chances of learning. 

As pait of an investigation into the effectiveness of English-Language 
Teaching (ELT) in the undergraduate colleges of MP a test of attitudes of 
these students towards English was conducted in Jabalpui between July 1990 
and August 1991, using a self-reporting questionnaire developed after a pilot 
study on 50 students and interviews with students and teachers of 11 colleges. 

(Mrs.) Urbashi Barot, Senior LccLurci m English, Ram Durgavati Vishwavidyalaya, 
Jabalpui . 
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An important aiea covered by the questionnaire was the attitudes of 
studenLs towaids their English teachers and their teaching. 

OBJECTIVE 

To study and compaie the attitudes of undergraduate college going 
students towards English teachers and teaching. 

HYPOTHESES 

1. Students of the Science Faculty (SF), who are more exposed to 
English and requiie English more than students of other Faculties (OF), aie 
more favouiably inclined towards English than the latter. 

2 English-medium students (EM) would have a significantly more 
positive attitude towards their English teachers and teaching than Hmdi- 
medium students (FIM) 

VARIABLES 

1. SF and OF 'j 

Independent Variables : )■ Both male and female students 

2. EM and HM J 

Dependent Variables : Altitude towards English teaching and teaclicis. 
Control Variables Age — 17 to 19 yeais. 

SELECTION OF SAMPLE 

The studies weic conducted on (1) a sample consisting of 85 malc/female 
students 85 male/female students of other Faculties landomly selected from. 
1 1 colleges of Jabalpui . and (2) a sample consisting of 90 male/female 
English-medium students and 90 male/fcmale Hindi-medium students 
randomly selected fiom these colleges. 

THE TOOL 

Self-made questionnaire to measuie attitudes and inter views with 
students. 

PROCEDURE 

The questionnaire was given peisonally to students Their responses 
were noted and the numbei of frequencies tabulated. Since each question 
was important, chi-squares were calculated for each answer sepai ately foi 
the analysis oficsults. Personal mleiviews of over 150 students from all 
Faculties and both mediums of instiuction weie also conducted 
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RLSULTS AND DISCUSSION 

The tables below show the value of chi-squares and the significance and 
diffei ences between (1) SF and OF, and (2) EM and FIM 

TABLE 1 


Significance of Difference Between SF and OF m their Attitude Towards ELT 
ATTITUDE TOWARDS ENGLISH LANGUAGE TEACHING 


S.N 

Questions Groups RESPONSES 

Value of 

Value of 




Always 

Some- 

Ncvci 

chi- 

signifi- 





times 


squaie 

cancc 

1 . 

Are your English 
classes held 

SF 

19 

14 

52 

14.80 

0.001 


OF 

6 

33 

46 

l egularly 



2 

Do you feel that ymn 
English Language 

SF 

18 

3 

64 

14 36 

0 001 


OF 

32 

12 

41 

classes have helped 



to improve your 

English ? 



3. 

Are your English 
classes interesting ? 

SF 

7 

16 

62 

4.90 

N.S, u 


OF 

2 

25 

58 




4. 

Do you feel more 

English Language 

SF 

25 

3 

57 

13 78 

0.01 


OF 

48 

4 

33 

classes arc required 
to finish your English ? 



5. 

Do you think more 
English Language 

SF 

56 

3 

26 

79.44 

0 001 


OF 

2 

24 

59 

classes are required to 



help you improve your 
English ? 



6, 

Would you find 
remedial clascs m 

SF 

11 

12 

62 

14 04 

0.001 


OF 

3 

31 

51 

English Language 




more useful if they dicl 
not interfere with your 
other studies ? 


1 N.S =Not Significant Statistically. 
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TABLE 2 

Significance of Diflcicnce Between SF and Ol’ in iheii Attitudes 
Towards English tcachere 


S.N. Questions Groups RESPONSES Value of Value of 

Always Some- Never chi- sigiufi- 

times squaie cance 


1 

Is your English 
teacher very stiict i 1 

SO 

50 

32 

3 

5 70 

N.S.* 


OF 

62 

18 

5 




2. 

Do you feel youi 

English teacher does 

SF 

2 

25 

58 

23 28 

0 001 







not take enough interest OF 

25 

18 

42 




in teaching your class ? 







3. 

Does your English 
teachei teach you any 

SF 

35 

22 

28 

16 00 

0 001 


OF 

20 

11 

54 

English outside the 



course textbook ? 



4. 

Do you feel that youi 
teacheis are more 

SF 

63 

14 

8 

7 94 

0.02 


OF 

72 

3 

10 

impressed by students 




who ai c fluent in English ? 







* N.S.=Not Significant Statistically. 

The results of the questionnaire indicate Lhat on the whole the hypothesis, 
that SF have a moi e positive attitude towards English-Language Tlieaching 
and towards their teacheis, is maintained Though most students legardless 
of Faculy do not believe that their English classes ai e held regularly or find 
them interesting, SF are generally more favourably inclined towards ELT 
and their English teachei’s even though, unexpectedly, they did not feel that 
their English classes helped to improve their proficiency m the language. 
(This was also borne out by then comments m the mtei views, as lepoited 
below.) Perhaps because SF are generally more pioficient in English — 
certainly they aic significanty better m theii oveiall academic performance — 
and are more exposed to the language, because of the nature of then elective 
subjects, they have not felt the need for more English classes to finish the 
course. But they do accept that they need to improve their English, and 
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agree that more classes should help, liowevci, they aie not m favour of 
lemedial classes, but, as the interviews made clear, would like classes in 
spoken English based on situational requirements or some kind of ‘English-foi- 
Spccial-Pm poses’ course. This was implied also in the view often held that 
teacheis are moie impressed by students fluent in English. In fact. SF even 
find then English teachei s intei ested and helpful 

What is of intei est is the positive attitude of OF too Even though they 
feel that their classes aic not held regularly enough. They believe that 
their English classes have helped to improve their proficiency, they would 
Iikemoie classes to help them finish their course, and they would even 
welcome i cmcdial classes. Unlike SF, they do not feel that their English 
teacheis aie mteicsted m teaching them, nor are they taught any English 
outside the pi escribed textbooks, but like them, they find their teachers aie 
moie impiesscd by students who speak English fluently 

TABLE 3 

Significance of Diffcience Between EM and HM m their 
Attitude Towaids ELT 


S.N. Questions Gioups RESPONSES Value of Value of 



Always Some- 

Never 

chi- 

Signifi- 




times 


square 

cance 

Are your English 
classes held regular ly ? 

HM 

26 

9 

55 

4.70 

N.SA 

EM 

99 

10 

41 




Do you feel that youi 

HM 

0 

35 

55 



English language 

— - 

— 

— 

— 

2.26 

N.S.* 

classes have helped 
to lmpiove your 

English ? 

EM 

0 

45 

45 



Are your English 
classes interesting ? 

HM 

5 

21 

64 

3 26 

N.S * 

EM 

12 

16 

60 




Do you feel more 
English language 

HM 

6 

15 

69 

17,40 

0.001 

EM 

0 

37 

53 

classes are required to 
finish your course ? 
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5. Da you think moic 

HM 

11 

8 

71 

English Language 

— 

— 


— 

classes aie i equired to 

EM 

1 

21 

68 

help you improve 





your English ? 





6- Would you find 

HM 

42 

6 

43 

lemedial classes in 

— — 

— 

— 


English language 

EM 

1 

46 

43 


moie useful if they did 
not inteifeic with your 
other studies ? 


H .22 0.001 


68 88 0.001 


* N S.— Not Significant Statistically 

Note : Yate’s correction done when frequencies in one cell aic 5 01 less 
than 5. 

TABLE i 

Significance ofDifference between EM and HM in thcii Attitudes 


towards English Teacheis 

SN. 

Questions 

Groups 

RESPONSES 

Value of 

Value of 


Always Some- Never 

chi 

Signili- 





times 


square 

cancc 

1 . 

Is your English 
teacher very strict 7 

HM 

1 

7 

82 

1.92 

N.S." 


EM 

0 

4 

87 

0 

Do you feel that your 
English teachei does 

HM 

11 

16 

63 

5.C4 

N S f 


EM 

16 

6 

68 

not take enough 
mtei est in teaching 
voui class ? 



3. 

Does your English 
teacher teach you any 

HM 

0 

59 

32 

4.06 

N.S ; 


EM 

1 

68 

21 

English outside the 



course textbook ? 



4. 

Do you feel that your 
teacheis are more 

HM 

19 

M 

57 

15 84 

0 001 


impressed by students 

EM 

11 

38 

41 


who arc fluent in English 






k 

N,S.=Not significant statistically. 







S1UDV OF Till''. AT'IIIUI,! S OF UNDERGRADUATE STUDENTS 


59 


It is evident that some resulLs in Table 3, presenting attitudes towaids 
ELT, English Medium v/s Hindi Medium, aie highly significant and in the 
expected diiecliun, while thcic is no significant difference between EM and 
HMinthcii altitudes towards English teachers, as seen m Table 4, most 
students, whatcvci their medium of instruction, do not feel that then classes 
aie held regular ly, nor that they have helped to unpiove their English, noi , 
indeed, that they aie interesting While most do not feel that then English 
tcatheisaiL foibiddhigly slnct and unapproachable, they also do not think 
that then teachcis aie intei ested in teaching them Only sometimes do the 
tcacheis go beyond the prescribed textbooks and actually attempt to leach 
them the language together with the texts preset ibed. Once again, this was 
also con oboialed by then vcibal comments m their interviews Intnest- 
ingly, more EM than IiM believe thaL teachcis are moic impressed by students 
who speak the language fluently, Pei haps this was because, as the intei views 
suggested, EM feel supcuor to HM in the mixed classroom 

Oveiull, then, SF have a moie mixed altitude towaids ELT and English 
teacheis, while OEaic generally moie negative; similarly, HM aie more 
negative than EM 

INTERVIEWS WITH STUDENTS 

Intel views with students hefoie, duting and after the administration of 
the questiomiaiics boie out most of these findings. While the oveiall attitude 
towards English in all groups was ccitamlynot unfavourable, and m many 
cases quite positive, it was clear that students of all Faculties and both 
mediums ol instruction weie not happy with then teachers noi with the way 
they were taught Paiticular resentment was reset ved for what many 
lcgaided as superciliousness and aloofness on the part of English teacheis, 
favouritism shown to EM in the mixed classroom, and their gcneial lack of 
inteiest in teaching them English even though most do in fact to though the 
pi esenbed textbooks with a view topiepaimg students for the University 
examinations. 


SUGGESTIONS 

While it may be unrealistic to expect that student attitudes towaids 
teachcis and the way they teach can change overnight, teacheis can help to 
translate the overall positive attitude towaids English into more effective 
teaching and learning. It is, after all, quite within every teachei’s grasp 
to take his classes i egulaily, avoid using guides and 'keys’ himself or recom- 
mending them to his students, and otherwise attempt to cairy out Ins duties 
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as conscientiously as possible, by picsenling material m an optimal manner, 
plugging the gaps m the learner’s learning, monitoring his progi css, audit 
and where necessary arranging for remedial teaching. The teacher should 
never forget that he is there to teach the language, not merely to go llnough 
the textbook or to piepare the student for examinations, although, of course, 
these are essential, too, and if not attended to will aiouse considerable lesent- 
ment that will prove even more detrimental to the learning process. 

Continuous, personal, long-term encouragement of the learning is an 
inevitable part of the teacher’s duty. Accordingly, achievement is likely to 
improve if teachers aie regarded as being less forbidding — in Strevens’s terns, 
more ‘non-discouiaging’ and more highly motivated. Sarcasm and 
attacks upon the student’s self-esteem must therefore be eschewed, and teach- 
ing techniques be shaped not so much to the requirements of the course-books 
but to the motivations of the learner. Within the limitations of the teaching 
situation the English teacher lias to evince interest in the learner, take pains 
to establish a personal rapport with him, and try to show him that he is 
approachable, unbiased and interested in his work. Only then can her and 
his teaching become moie effective. 
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$ qsf fwT arf^gr/rTtff biserjt 

•jtttft Jr ar^tsTr ftTSrr: tr=f farem cfk'r % st% rr^ srfrriw | 

kffer ^r*TTfk % s*r vtttt s?t) trfr tfkJr | — srfqg ark^rrfki ^3 Jr 

Sfr?r f^SfTT 3 fkT«T 'LT 5RFR t I ak^-miT 3Tf?m =TTtT TI fak ^TCcTT 

Ifow^r ? f^rw^r ^ srs*r wr ’T^sr I d^rr ®Ter m ■flrr t TT ^ srftr 
arffl-^fer- 1 ? 

^r T'W Jr after Jr ^Tf^T^tr % fawR er^nr tr a^q- % mer- 
mw'i k Jr$r arsqtnr fkrr wr ark qfkR'TdT ardrf df ftr kr^rT^r 

rwR % f^TTsff ar?q- ^T^r % farsrrfkT kr g^Tr Jr sf^^TV mqr ^r ftm % 
srfer Rfrrrtr^ arfkkr vi Jr 1 di’T $• kr 37 t^tt k qf k m^\ Jr 
kerr ik qk f^srr«fP f^ft msqrr Jr qrJr f^rrfkkf k aksrr 3kk'-*rr c TT 
?fir«r JJ srfrr ker^r sprr?*pP arfkfJr kk i 

arr5TT5\rT-kirrT?r fi^rur ur aribi) Jr qkr ri% fasrrfkft Jr arferqr 
^r<H* affair qqr? kt — JfJr fJrkrrr KrmTafT kr nqre ^rJt fir arfferkar 
krr r 4r ^ tmT kr ark arferdr ts^tt, ^surr =n!?Jr 1 1 r£t ^ ^rr^rr k fkerr^Jt 
^r k ■rrkq- fr ^rm | fk t *rtrfk k s*r vmr 3Tr sth stt^t f^rsnPnrt k 5 1 
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^ TOT TOFt I 

qqgw^* gg q q^q qq: 1 
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qTOTT qq qqqrt qsrrsft qT qqqf q I 
qifrfcqfq qm cT qfroTq fqq'isfq q II 
qqqqfq qfftqqq qmq; qqq qq 1 

TO qTOTTO qmfqcqifq qT ^gq: II ( ^ I V-t.*^) 

| qqq ! gq %qq gqq ft qq tto, ift ft qqq to, to ft ^ ^ 
qk q;q C toto TO 1 TO TOqq gq gTO fr tot TOfftr 1 qg 1 pt 
qm qfro tTO t^tt f, qqii% ^q *ft (qfq qr) mft qr 1 qq TO (TO qq 
TOTO ) Tf> qapqTq TO qt qq?q-q 7 ;qq qT qTSTT I ^ q^ 
qrqtTT qqqy ©fr <^it i gq f^rr q Epd 1 

flsffrR m^T | 



flbarat Singh 


A COMPARATIVE STUDY OF THE EFFECTIVENESS 
OF DISCUSSION METHOD AND THE 
TRADITIONAL METHOD AT B. Ed. LEVEL 


The major lesponsibility of a teacher is to teach effectively in his class. 
The knowledge of different teaching methods is, therefore, necessary fora 
teacher for effective teaching in the varying class-ioom situations. A teacher 
using traditional method (Lecture method) docs not employ suitable leaching 
skills as the class-room situations demand. He does not pay attention to the 
use of diffeient teaching skills. 

The discussion method is very popular and important method for the 
higher classes. There is more chances of interaction between the students 
and teachers while discussion is going on. A comparative study of discussion 
method and traditional method has not been undertaken so far m our country. 
But some studies have been conducted abroad in the area of teaching 
methods In India unfortunately this area is almost untouched, till now 
As substantiated by the review of literature, the mvcstigatoi found this aiea 
very challenging one. Keeping in view the importance of the pioblem, the 
mvestigaloi decided to compare the effectiveness of discussion method with 
the traditional method of teaching. 

Thus tlie problem may be stated as follows :~— 

“A comparative study of the effectiveness of discussion method and 

tiaditional method at B Ed. level.” 


Dr, Bharat Singh is Lectuier in Deptt. of Education, R H.S P C. College, Singramau, Jaunpur 
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OBJECTIVE 

The study was carried out whh the following specific objective in view. 

To study the effectiveness of discussion method vis-a-vis the tiaditional 
method (Lectuie method) at B.Ecl. level. 

HYPOTHESES 

The following hypotheses wue foimulated and tesLed foi achieving the 
objective of this study • — 

1 There is no significance difference between the mean scoies of students 
treated by the discussion method (Experimental group) and those Heated 
by the traditional method of teaching (control group) at pie-test level. 

2. There is no significant difference between the mean scoics of the students 
treated by the discussion method and those taught by tiaditional method 
of teaching at post-test level. 

METHODOLOGY 
RESEARCH DESIGN 

Pre-test, post-lest paiallel gioup lescaich design was employed to cauy 
out the present study . 

SAMPLE 

A sample of 100 student teachers enrolled for B.Ed. course (Session 
92-93) m R.H.S P.G. College, Smgiamau, Jaunpur affiliated to Puivanchal 
University, Jaunpur was randomnly selected. The contiol and expeiimental 
groups of student teachers were matched on the variables of sex, aiea and 
marks of entering behaviour test. 

TOOLS 

1 Entering behaviour test (E.B T.) developed by the investigator himself 
was used foi matching the control and experimental groups 

2. The discussion method was employed m teaching the selected topics of 
Educational Psychology to the experimental group. 

3 Lecture method was used for leaching the same topics of Educational 
Psychology to control group, 

4. Tcimmal behaviour test (T.B.T.) developed by the investigator himself 
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was used to find oul the achievement scoies of both the groups before 
and after the teaching of assigned topics. 

data COLLECTION 

1 Teinunal Beliavioui test was administered on both the groups befoie 
giving any treatment to any gioup these scores form pre-test scoies. 

2. Expei imental gtoup was taught with the help of discussion method 
whereas the control group was taught by the traditional method 
(Lecture method). 

3. T.B T was administered on both the t groups after giving treatment. 
These scores form post-tesl scoies. 

RESULT AND INTERPRETATION 

On the basis of the obtained scores on T B.T. for contiol and expeu- 
mental gioup at pre-test and post-test levels the mean scoies, S D. and SED 
were computed. Those aie shown in tabular form as below : — 

TABLE 1 


The mean scores of experimental and contiol group at pre-test stage 


Gtoup 

Number 

Mean 

SD SED 

CR 

Expt. 

50 

2.14 

2.14 

1.045 

1.01* 

Cont. 

50 

3.2 

2 35 


* Not significant. 




The table reveals that th 

ere is no 

significant difference between the 

mean scores of expciimental 
that both the groups are equal 
is accepted. 

and ccntiol gioup at pre-test level. It implies 
in every respect. Hence, the hypothesis No. I 



TABLE 

2 


Group 

Numbci 

Mean 

SD SED 

CR 

Expt. 

50 

22.3 

6 64 

1.24 

2.Q1:*’ 1 

Cont. 

50 

19.8 

5.82 

0 




Significant at 0 05 level. 
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Table — 2 shows that both the groups have different mean scores at p 0S |. 
test level, The mean difference was found to be significant at 0.05 level of 

confidence. 

It denotes that discussion method contributed more to the achievement 
of student-teachers in comparison with the traditional method of teaching 
(Lecture-method) Hence the hypotheses No. 2 is not accepted. It may be 
interpreted that discussion method is more effective than the traditional 
method. 

The finding of the present study are supported by the findings of Gupta, 
B.C (1973) and JulkaG.L. (1974) 

CONCLUSION AND EDUCATIONAL IMPLICATIONS 

On Perusal of the above statistional derivations and their interpretations 
it is evident that discussion method is certainly superior to lecture method as 
such it is advisable to the teachers in genral that they should prefer discussion 
method to enhance the effectiveness of their leaching which will consequently 
modify the entering behaviour of the students, the core of our teaching 
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STTTRT 

sryi % qqqq fqfer (qx^TTmT fcfff) qgw 
^ | | 3UT fqfsrfff 3% TK-fqTN fqfsr, *ytyyEyyq fafa, 

fqfq ayyfc spy syifk ff T | !l 3yt,qyq;f> frsff 

fty^yny sffr cnfl q?rrnpny5ft qqy qqrqy | «yq firsyny q) - 3 -^ttt fsyfer qff syqffyitr 
I i fafir Tt sfiffippct ftfrerpiT fafty fenyy iy f%q ty^ nfftj spw ^ 
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jff sri'ff fftqf 1 1 ^ qfqq a^qqq 3 aft 3^ ^StT Wt TT 

qre-fqqR m tp sjqqrr fsrfar qq steftftft qr^ qqra feqr qqt t 1 

ar^m^i sft, n- i ^ jj. ^gjpp^ ^ OQ qft fairer fefa (^r 

^) ^ <n iRT?T *p^'f % fq W f^ T Tfifl I qc^ ^ ^ v." SmiBlTT'I-rr ^T 
^ rnqT1 wWrap ^ ^ ^ f^-cnr ^ arre-faqis fafs (femtT it^q) 

^ ^ wi ^ $ *** ^ Fft^cT m ^ w* 

(^ *r«W) if T ?TI ft TfTfr | qstf % q§% f. Sff, it. (5* t?9T 

q^ % TOW t. it. ft (s^w H^fTT itflWt) *1 5T3TT^ ^ ^ ^ 
fOTT W I 3f T ^ ^ ^ Tfj^rr |sf T fa 5pT>Tl5*Rr 33 faqfaet 

^ atW sqqfsq ^ *\q ^ i imqi if stt° fa° V\ v 3^ ^ T 
qiqrfqq; qfe «, ^ mx ^ ^ ^ ^ if * 3 * it itfi 

w am 0 0 \ q T | ( 

^ Ww* fifa * an^fq^r *pjf, finrfeir n$ ^ 3^ T * ^ 

wqrfFqq q| 1 ^ ^ ^ 3j Sirm ^ q^m fafy <*t if qT-r-faqre 

fqftr srfyq; q^rq^^f | , 

^TTcf 


am^T ar-jft^T , 

^ *TWf* | f, ^ ^ ^ 3 ^ yfvfTft *t fcflf sfa ^TFVT , 

* & 3^17 1 *r % ^ | ^ app. 3*1 ^ warm qT^T eft 3 *! 

7niraT7 ?q T q ^ ^ ( ^ q TT gq ^q^ ?>qt 3 fh 3^BT ^ ft 

^ ^ I 3^ =TTcT q? atftqj 3T=f^T WTH 3^* ^ ^ 3 r t ^t^T 

I, 1^T7.T 3T T qqf | aftT q 5 fqvqT¥ ^ T 9 > ft? «w ^ l^TT ?TW I ^ 

. ^ 8f> snp V^t qft ^ it f^rt wnr 5 terr | ^ ^ 

W ITcft | | irtpiY qffe^qft fq^ff q^q T q 3 fryqTTT 3T^7 3TT% ^ «fit 

^arfr^snn^, q Wr qtT f^ 

arg^f^ |5rTC /^| ^ * r,T * 5TStT ' 

'*** 

^ ^Rr ? > ^ T q Tft fin? at^cnq w * *** 

^ ?t ^Tafr, qf^ ^ ^ ^ ^ ^ ^ T> f,p ftpT % ^ 

^ ata arft^nrwfh n-tfs™ 
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ftfti ft twqr 7T7 t 3%T 77% 3^77 77% %7T TT7777 f77f 7T7 

| I 7T77 ft 7|7 ft ftft 77 7777 %7T ftTT |, 7=|[ %^7T 7%7 7ft-7tf7 
ffttOT <777T ft7T I, ^ %cT^TT % 77 7 % 7r7T ft7T | %T7 3 7 7T77T 7T7T # 
ft % 77T | I 777§ f 7*7 ft# *RT77 7ft ft §7 ^ ? | 77% 7-77 77% ft affr 
77% 377 7fftf77 77 t% ft i %77 ^rn^r^r ft ztt ft f ^ 77717 % 7ft % trt 
| 37ft ft 77# 77% 7-77 7%7 7?7% #7T 7Tff% i 

7^ tt^tt ft 7ft 7777 sr-sr f , a% 7 > 75 *?ftr % 771 7 | ft 7ft 73 3 t*®t 

| — 777T 3? *Tf?7T ft 73% #773 71 ?7^S 77 3-77 ft TT-g; 7? 3T3 aft 7#T 
ftl 77ft I ftft 7?3 ft 77# 7f Wf. 7% ft 7ft 7-7T f% 5 7 7777 ft 7% 7# 
ftlTT ft ft7T ft 7? 7777 T%7 777T 77 | I 373T 7^ 7ft % 3TT 7f T | 777 
77% 7?7T 77T | I ft a 7T 77r7 7% | 7ft ST7 & 3T37 7T3T 777 ft ft 73T % 
ft73T ?7T7% % 717-7 737 7T3 #7*3 ft#5 % 7777 ft I I 7777 7T77 ft ^7 
#333 if 77 7T77T7 T^7T 7T%7 7ft 77% 7T7 77 ft 3373T 7T%7 ; 7-7T 
faft 3=371 371 ft TW-TT#^, fftp: 77 37T 7g^ft 77 #3377 ft% 77 7T C 7 
ftTT | I 

7T7T777 %37T 7T#tT % 7-77 3T3S Tfft ft 7ft 7#e3 E 7, f 77 7ft 7T#3 
% 77ft, 77, 7f7T%7 77T #f573%7 % %?5% 7, Tfft | I 77 ^7 

7577 77% ft ft 7f[ %77r 7T ^7*7 ft# 7r7 ^T7 7T7r | #37 % OTT 

7T7X ?3R 7^7 7^77T | 77 ?737 7777 7^ | ft 7^ 77% |# %77r 7#ft % 

777 % ^tR ft Tft | I 7T?r77 % 3^T#t 77%77 %77T ft 17 77f $77 7T7% |, 

7T7T77 77 ft 7%87T ft7% 7-777 7^7 77 7=77 7T c 7 7177% | 7ft % 
7T777 % 77 7r7% ft 77T7ft7 777 % ftft 77 77 7 =5777 7r7T7'7 7'7?7 W 
77T7 777% | I 777 7%7 7^771 77 7^77 ft7T t 7=7 777T % 7f77>7 % 

7777, 77ft 7%7 7T7 7% ^7 7777 ft 7T7 ^7% 777% 77 7%7 17 7777 ft 5 ft 

77 3T7TT7 7 ft% % 77771 I 77 77%77 %77T ?7T7% ^7 % 17 7777 3i77 ff7% 
ft 7T7% | 3T77T 77 7T% 77 ^77 75 777% | 77% ftft ft 7| 777T7f7T ftg 
ft 7r7% | I 7ft % ft7 77%77 777 7-777 77 ft ft 7T7 777r f7777rTT 7^7 
77ft 7f7>7T ft 3%7 -777-:7T77f ?r s 577T'J77? ftT7 777T | 7%7 '-pft 7ft'f 
777?77T 7%7 7#77 % 7r7 f%*777 7f #7 77 ft7T 7% 7T7 77?7T # I 

ftt 3T7.fsF% 



otitic qqqqt 


^ ^ ntft 

>B 

5nfe^T3flr £ *t 3Tscr$r?T 

CN 

$$q grrgT% qqTq ^ fqqfa q qifqqirafr q>T fafw ftqT 1 1 % 
TWR TT fqq, q?q, T?^V qq ITT % q qqftqq T^rft | I TH^ ^ ^ 
qfqq qrr y$m qrqqt f i qtqqqqqr sqfqqcq *t fqqfrr *tt sto fcq qq ^?qt 
tt ft 5fiaifrq ftqT 1 1 qsrf q ^qt qq q*Tq fqqT, fqq, qqqq qrn 
q*?fq qqt qrr qqqi | qfqrq ^pr sttott qt % ft q^q ?>qt 1 1 arcr. qfc 
qifqqrr qq qiq*q % 5V qqqq qiqfq^ qq qTTtftq- fq^Tq ft, qt qf tq % f*n$ 
qqs sqfqqql qfr q'q'q qq qtfqq q>q qqiq't 1 1 sfr ft %-ifq^ qrq^q 
qifqqTaft % qq?qqt fqsn qftqq fqeTTqqt q fqsn qqrq qrt qTqt | qq tq-^q 
3 ?qqT qr qTq'Rq ftqi | I %q-qq % q^"r qifqqqqt q qiftsq ^qt qq ffqT 
tft ^qTqTfqq; ft f 1 faq^ qqq q^f q qqq ^ qft qfarqT fq^fqq fttft |, qnr 
t ?qq qiqs qqqt f I qqit STTftftfi q qrqfq^ anq^qT qqt Tfq't f I qTq^T- 
WT^qiT qqyq qrr q<Rq qt srqiq wt I I qq FPfc | fa %q q.q ^qt % 
qoqq 3fcq-q qfqcj ftq | 1 sq ufar qrrf q qft qTqq qq qqiq fan qqT f 1 

sfra ^t afro 

qfrq q^ir % qq^qq't fasn qfrfr % qifqqqqr qit Fqfqq qft %q^ qq 
qqqT ffqx -jr^T f qqT % qTtJTT qi fq% qq qt ; cftq ^q^C 

qqrqrrfq qq^qj, qftq qfq^Tfr, qTTqfq fsrsTT qtq q^qiq, q^qT 1 fq 1 , fqTTTrr- 

qqti q^qq;— ^^^0^0 1 
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qq ^qrq (fieri | i stfV ?n?q ?r srr-efrer %ir-qjq srfcrqVfqqT arq^qq ^ 

srTzrVspr tnsqtfY qyq, fqrrerppn:, qraqs; *r gan stt i fqqr*r srpqftq xx 
jpfV sTTfepuTafr ft 'ffwf qf «IV i f«WfiT ^ sr^V ^Tf^rarsft 

^ tqrqfqq, qrqTfqqi qq Enfqqr ^qqi qrr arqirrqnT qiqqT qr i fir sftsr-qirq % 

5 w u|qq fqiqfrrfeq | , — 

«l — srr-^rVrr ?qq qq %?tt % %q qqV qq> qTfqmafr Jr ^mrfRr, *rrqrf%q> qqr 
errfjT^r ^qq'T qit qTcr qrqqT i 

R — ^SfTT %, \s eTSTT s «Ft sfEqqqqq ^iflT^Taff % ^HT^cT, frTqrfq^ cT^TT 

^ql qrr §qrqT?qq» fq%qq qrqqr i 

'tPctfrt 

sfra qrrq |g qr qfqqr?qqnf fqqfqq 4fr qf | 

1 — nT^rfm trr-^5 qft qfqqpftqTfa^mT n ^qwfqq, er«ri snfqqr ^qt 

% qq?qq qqf qrqqi ar^q qfr C rT n 1 

^ — qrSTT \, a, cT«rr n %V arsq-q-fTTcT ^rfH^FTaft q ^TqfaeT, qTqifqqr cT^TT mfw 
3?qf % fair qrtf qrqqr 3r?qq qfr gtqr i 

qf ; qtq %q-qq qfemfqarr ir ^ v qrfaqqq qfcqfaq 4V i sqir q 
qqq qvsrT ^ ^ \^, q>«n \3 t n.« qqr qveqr =; if ^ 3r&qqq qq 
4V 1 

^T^T^T 

^TTeft 1 ! faqrT ¥1161 qqqTq ?T fqFq?r ^5q KT'PfV qrr srqtq fNrqr TT^TT I I faqq 
tSPTfarr, qTqTfaqr fi-qr mfqqr ^pf| qq qTqrfpq V qifq af | JTcZfqr qqq eflq 
fq^^q fair qir q i qqiqqqr? qrr faqV tr^r faq-jq qq *y qq fa 7 ^ qrqrqr qr i 

ffrfartfftr fire*Tq«r 

arjjfaqTaft qrr fqfaqnr 57 ?nqV % fqqqir f%qr qm 1 1 

q rr*ft qfemafV q — ^q% 3f?qqq qqV qqV ffq^rlf qfV 57gfqrqT3TT ?( ^5T- 

^PTlfaqi ^q mrqqr ^q'T qr^qRqr ^ qq_37;qqrqfr %■ 
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fftfifftl f% J TT TOT I 3TT^r^T ^FT TTtq'TrTfT , RTO fftq?rq qqr qrqsfr qfc fTR 
TOft % 'J'TOcT ft — c Rt3PT gTTT ^Tf^RiTaft ft ^?ifT % fftft qTq^T TTFTRgT 
3 T*PTT fVrvmT ftt 5 TTTT fft*TT TOT I 

? — tot ft 3rg*rrr g?ir— <Ra apjtiiRTaff Ejft tot %, u c % 3tpR 0 -(r 

TTTT % TO -aRTOTOT % fftcTTO TOft TOft TO^RR RTTO fTOTO TOT RTO 
Tlfe ftt TOTT ftV nf 1 TOTTOR it -RRVSTW ft sp^TTafT ft sfft ffqfft ^TT 
TOvftTO fTOT TOT I 

qftorm 

ft ?T^ IT ftrofftr, TTTRTfTO TOT SJTffT^r qrr TOTOR, TOR fftTOR, 
i?rTO Frfft TOT gTOTTOF ft it ?FT HR Rlfft^T - R ft fft*TT TOT | I 

cTTf^T ^ 


N = <\s't 




^TK^TTTTO 

HTTO 

fTOTO 

HgTO 

JTTTO? ^Jk 

sVhr 

1- 

ftrofTO 

*. ^ 

^ RR 

tTOfR- 

TTOTfftR 

o ft 

TO^fTO-TTTHTfftTT 
% irsq 

= lVHft 

V 

TOTTfTO 

R A 

1-A 

ftTOfw- 

mfro? 

° ft 

ftTOfTO-mf*R ft 

HTO 

= ft° 

3- 

an fro 

!■**: 

1 A 

TO*nf3R- 

STTfTO 

° ft 

mmfft^-STTfftRT 
% TOH 

= ft.ftS 


Hifronarr ft ftTOfro to totor k ^ | ftt TOHfsrcro srfft'tf ft 
HTOTR ft =TfcT arfERT | I JTTTO fTOcR ftt 3 RT ^TOT ft HTTO fftTOH ft arfft'^ 
t l RTO | fft 3 " ff%TO 3 TT ft ^TOfTO ^TO TOft TRT TOT I 
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f!7T^TT ¥[>q 1 4 I 


apzr ^ &mfqq qft qrrqr q qm qq 1 1 ^5Tvrf^ qq Tf^T^ qttsqqrrq % 
o-ol TfR ITT TTTSTTT | I 3TcT qqq 'ifT^'T^TT # Trf^rfrTcT TT?ft Wrf^T'fTr^ft 

% ^fecT, TTTlTTfaTr cHT STTfa^ 5jqq TTTTT'T ¥7 ?T TT? 3fT^ |, 3^%? 

| I Iwqfqq ■p*T ^■TfTT^TTsfT if q^T 7T | I TU^Tf^ ^ ijqqt 

Jfqt qrm ■Rt^TcTT WTcT gf | I ?qiT qnfqqq'tq THT qT TTt 4=^ af^T | I qtqt 
% qeqqTqt if *ft a^T | 1 ^wfacT % iTT? TTT^Tf^T^ ^qq qq | I 
qqqqqTq uTfqq; ^qq qrfqrqqaft ir qiqT qqT i 

^qrqfqq aqr rnfaq; ^tt % qqrqiqqq; 3Rqqq ir £t-qq qrq ° ?qq tt 
qqqqr 1 1 qqq qf^irq qqnrfqq % q«r *r 1 1 qmTfaqr cRt qrfqq ^qq't % 
gqqTcqqr fq^qq ir qf^m = °x qqT tt qrrqqr | q^T qrqrfq^ ^qq % qiq 
*r 1 1 

fqfqq qi^rafT q> qTfaqqafT sttt sqqq ar^fqrqrafT q?t qtT*qRqr, 

qfeqqiq qqr qTqq; fqqqq qt% qf qrRiqq ir qqrfqT qqr | i 


cTTf^T ^ 


fio 

q:srr 

qnqT 

(^) 


W* 




Btsrqfqq 

qrrqTfqq^ 

^Tfqq 

qsqqiq 
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qTfaqq- q ir qqR | f% ^qqfqq *jqq qq qsqqrq ^ rrqir 3 t0j^ wt is 
ql qrftrqq^T q TTqT qqr i itr ^stt qq qiqq? fqqqrq q qt^q ijqqr tr 
qqq^ fqqqiq % 1 1 qiqifqq: ^qq qq qs>qqrq = ^ x* tt^t snfq^ gqq qq 

qeqqiq q.!<= 1 1 qren =; qTr qifaqqau Jr qqqfqq ^qq ^t qtqqiq 
qrrqifqq: ^qq qq qs^wq q.*.q qqT snfqq: *jqq qq qeqrnq q zx qqqi ?rra 
qq 1 qiw \ qV qifqqqari q qt q-{t q?q | i q^% qqqfqq ^qq, f^T qnqTf^q^ 
gqq qqr mfaq; ^qq % qfcqqrq | i 
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jjfjfto %qff % faq qqt qqV qTfkqrriff % ^qt qrr qeqqq 

qft^qqT qq qqter’q zVqrteT'q trt fqrqT qirr i q^qq qR^ qfc qqT jT ^ 
iqq qrfqqq - 3 if fq^ 1 qq o i 


qlTf^T 3 



qgqq qTqqr qft 


qp-HTP 


F 

qrarx =;qvs q^T q;sffT vsq^ 

qr^TT ^qvs 

WTT =;qTi 

qr^TT vs q 1 ^ 

1, ?qqfqq 

o v^q- o .^V. o qvs 


o xq 

>? 

^ qTqifqq; 

o vs^ ° ° 

o .vsq 

0 

□ vsT 

3 . aifqqr 

o qy. o.qy. 

0,^0 

° 

o o'd 


g^RT^ fq^qq q %qq i&prfter % ^?q % qfwq sr«T 

£ I ?STT a q \ % JTMT zt — «PT qTP V.^ qqT ^STT =; q vs % Tf E q \ ’H’T^T ^ 
JJtq |3TT, «ft % qTf’Sqqri'q qfe % o.o<] wq ^TT^T^P ^ I 1 ^ T ^ 
qft'qr^r qrsn vs % q$r *r qq | i arer 'rfq^qqr ‘fqfqq qwrqf qft qTfqqqsn ^ 
«pt^ fqqqT qfr 1 1* srqqt^q ffqt 1 1 ^rwfqq ^q qq?r wr vs qft 
qtfqqrrqT q tt^t qrrerr | i et-qqtsr^f % q ; q qTq qTfeqqqq qfe ^ q'-qq^q I > 


%q % q^qffq qfq qTvfr srTqftq *rrt ^ fq^T qftrr ^ 

irrfqfTsff Jr qqq1%> ^q q^q ?qq q^ qxqT qqT I > qvqqqTvr qTqTfqq qq 
qrfqq; ^?q qq ^qiq ^ttct i^tt i qffqqqiVq ?qqqq qf fq ; qqT tqqFtr^q ^ ^ 
^qt % | i qTqifqqi qqx mfqq? ^ft % arm *r qr qm 1 1 
^q qft qrqifqaF ^qq qfqqr qxqi qqT | i 

qqn \, a q *; qft qTfqqqqt sttt s qqq ^fsrqTqt qq gqqrxqq? artqqq 
^-qft^q sttt 1w qqT i qqefTT vs qft qTlwqt *r qq*r ^faqr ^jrqftfi qrf 
ipft i qre qisn =: qqT qrg^T \ qq sqrq t?t i PTqifqqr ^q ^ 
qfqqr vs # qifqqrrsfr ^ qiqT qqT i qrsTT ^ q \ q:T ?qTq I 1 qTfqq^ 
qqq arfaqr q?^T \ qPt qTfvTqqqt if qTqx qqx i Pvqqqqq ^stt q 0 ^ 
qifepPTsfr qq qqTq 5 Tttt f stt i qtf^qqrtq ^r qTqqr fspqqT ^q^r ^qfqq 
^q % fqSr $ qTqt qqt i 
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jrftonft % ^t^tt m artar ^?i ?i ?? % ^finer wm | ft 
felt it fm % othtpt Prefer ?> fa^T ^ f^^rr 3 [rt 1 1 g*. 

m 0tft? 3ffi?-3fcriT ^EfTT^T ? if ?ft ?|f ?? TjR 3f^%qTR Tlf ift 


ftr«T ft *fa ^ Fff ?PT 3 rta ?T ft^T? *T?t? I I ^vrfxR ^ ft arf^RTf 
km (r jrfanftf q tra % sfcr srfsrqr 5% g?R ??ft 1 ^ arfsRf ?prc fr 
1 *rfaR if ^ ?r m ft v\ ^rrf^^rsfr srtr m ^it i sftr ftf 
1 1 ftsr ?f it? ^ ft | ft t$t ^feft ?t 5ft t? 
^ arfsRi ?ft twt I sft? ftfftft ft ft fRir ?t-r ?? *rt |, fafw 

ft*ft Rft ft? I, ?T arftftvff ftw? km ?RT ?!%? I zf^ RR3T m 

1 1 ?ft fan ?fftr % flmmr 3Rr f^TRcfr ?t ft fft?? srjr fan «tt^ ft 
??t? % Ft? ftk? Rqqtq'r ftra 5) ?ftn i 

ABSTRACT 

The present study was done to investigate the value-pattern of female 
students studying in Saraswati Vidya Mandiis Sample was taken of 184 
ghls selected from class VI, VII and VIII for Uttai Pradesh level games 
competition 1993 

The finding of the study revealed that m general the students have 
given first preference to value of patriotism The second and third prefe- 
rences were given social and sprit.ual values respectively. Classwise analyses 
were also shown the same value-pattern. 
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fwr ©fora if ©fra-frafm ^ ©tt-©tt ©©©f snfra % ©ra© % arara 
qrair^JT ©ti Trs©-ftf© ©gn 1 1 ^r=r ©rat ra ftrat Ttrarar % srrar^ tt fw 
st rant |, era rasim ©t araf© gft |> ^T?f ^ qftrar ?ft ©rat 1 1 T<t$rr 
s:Rt ©s-r rag© farra rarra | fr ©I 5 © ©rat Tt Train ©ra |, ©| fara ©tra ©tt 
^ srt amrar rarar 1 1 g©t rarat t, TifaT ran ©rat =fV igf© tr ratera 
£^t I I Staff © TTS©©^ Eftt f'PeTHT ©R 75 TT |, ©£t ©©fn© TlteR-rarat ra 
©g© frag 1 1 

Mrra gram© Titan t faf^ra T?f©©t Tt |i tr© ra ©ra© ran 1 1 if? 
ttsttit ttv ftraW ©rat ra ©©tfraftra ©TTRTrarT3Tt ©fc ©f©ra ra era© it 
iwtr ©tra % fora ©ra I fo ©rat ra ©©?©t°r fora© |t, t ©ra© afn 
^ Frar© *r ©in©^ ff, eft g?Tfo© ^t raraqTra fmt 1 grara© rat ©©© 
f^tft rr ©t firarr % ©fra, rararar, ra5©-fofa, ©rat ¥t ©fraf©, fnsra Tit 

TfraetT afti forSfra-Tfo© ©if© T?t STT© t IWHT ©t©!?^ | I ©gf TlfoT SRT 

^ f^rar ©ra it rain-nFiF wtt ©tt ^terr |, 3 ft grafo© ra% p ©| ©rat 
ra ttt© rat | fo fo©t ©ra t Ft© ©t©r ^ frafFi© ©frat it gF© ra 1 
©for t, at F©<ra % ©fra (gra) ftufft© Ffo ©t t, ©©ra ©tit (©fo) 
ra% ©© raira % fo©© % ©r©ran rara ?t ©rat | ©t ©ra % ©raieraF, rara- 
raqy faRTe©T? ©fo tF©© f©ra© t ©fraTf ra ttettt |it 1 1 

W TTfR geTTTT© nfaTT TfT!TT ra tTT> arfsRT 3 TT | I f 5 T^T % ©fraf ft 
^Rra ftn: TTrarar % ©rra© t ©t ©rat it ©T©fra ^teit ©©ra grarrar 
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FKcftq Ffstt vfm fFfft 14 2 


Ff^ fsr?TT ^q qqFq Fqqr fFstf Fffts ft arjjqrq qft fft Tit 1 ^q qqq q 

qvqTFF % qqFTqfT FT qtfeTcT ft I FTF' ^eFTF^ q fqFqFqfqrq ^FFTiff 

FT FFqtq f^JTT FTiTT | — • 

T qqtqF (Observation) 

7 qraTiFK (Interview) 

? %F Fq?? 

V tfcq ?%q 

it ’TSFKcft 

V qqttsTTFrF qftqq 

is %q (sqfqq arsqqq) 

cilfecT 3TSirq-?T (%tf *£St) 

qiqF ipqqTFq % fqn; %q iffT qqq fFetf qqq'tqt | 1 ^fft fuf q^ | 
Ff 5T?qF eirPcH 3rqqi tsT5T qqt FTF if FF rrqt TFtf I aft qq^q (Unique) | | 
WFt amt stjtcTt^, qtmriiF, qtqFqF, fFsqFssr, qpqqT, ^t-q, Fq^TT-m^n: 
aqfq I I ^q fftt qqFT q*qF fitm qqt qqq ft ffft | ff “q^ 
erqqrafr % qqq Sr qqFT ^qraq F^qr ftf 1 f;qt Wf if, qi-qF gqqtFq stu 
qq qrq | fF fft ft! btf qq qtqi ff qqfq ft t^t | fqqqt Ff qqFt 
SRcTT (Potentiality) | 1 ^q qfc q q| qqq qTF?qF | Ff Fqermq q SfctF 
tsrq ft qqqt arfqSra- tijt ftf i ?q qFq^iq if qqFT q*^f fqqTF arPpq fr 
qt sqFqq qeqqq (%q rest) Ft qfaz % sttf^ff | 1 ^q srFq^w Ft q^Tqqr *r 
^q Fqqt um % FqFTq ft Fqm ft q ft qFt | qtT Fft c>;f FqFvqq rnfa 
% FIT ^qTFq SRT qf 5TTcT FFqT FT qFFT | Ff Fe? 3Tlt TFT % 35FT qST FT 
Fit 1 qFq qsr | qt t Ftq % fttf | Ft q^iqF Fqs fq 1 1 qFq qft fst ft 
T q% F*tF % FTTF | ? ^TFTFF FT %FF fFFT FTF | Ff F^ T»TF Ft F^fq, 
ffft qqffFq fft f i %Fff q?qFq ffft qqqFq % fft fttf |, ^ ftf^ % 
Fqcr qgqqTF Ft ftf^fftt |tqr i 

?q fftt q^ tqrj | Ff q^FF ^^qTFF % fqq q?tF ft qqqt 
qFqqiq fr, Fft %q f §ttt qq% qrt it g ;0 ftfftO- qqq Ft 
qrq 1 sq% q^qrq s qq% qqfqtq Ffftf Ft eftf % ftr qq tft Ft FqFsqer 
Ffft ftf, fqq% ^tfr ft q*qF ^tftff ftft | 1 FqyfFqq ?qq % qq -4 q 
■®Tq Ft qqqfsqqt ft ^;?qTFq Ffft ftf i ^?ftff q ft fFt^tf qrq |t, ?fft 
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qrfa ST TRnfr TR 5RRT SRT =TR sft fatft SR % *prf*fW RTHR TT 
tfj>TtR ar^T^TT STTEPF tPR I I ^ SPUR ^RtHR Td TST tflfffSJff % fSRT 3TERT 
1 1 3Tcr, ^qqr ijcrfrt % fan; s^ejh tft anR^q-^r 1 1 

tfcTTCTR amiOTR 


ABSTRACT 

The integial appioach to evaluation requires that cumulative lecord of 
eveiy student should be maintained so that material for ease-study could be 
available. Thus it will be possible to determine the level of the all aspects of 
his growth and development. The lesult of evaluation should be anahsed 
foi fuither improvement through educational research. 

— S. R J. 


★ 


fafT Sf^R 5Tvf % TR Td 5p? TT dTTi Tdf 

sr^R «r?r sq-facf tT gfa df fa^ffar 

frer |, vfr PqfTtf ddr *r 'em trtt tti 

TfctT Tt Tdfa t T^TT | 1 





Ifaq eft 'SfT'TT fr 'sft'TT It IffR ^T^Tf | I 

RT^t eft If If aftT aft eft, qqf I ?TT If SRT | II *"^10 

^fwrt *Pt q| I qrq> q, q| I TT^cTr qft srreft q i 

$nr Jf anrclt I, qqff It TTff I gp^rl t^t q^rr | r ■■■3ftqr° 

fit % f5GR If aqqft q, q^lt It IfeTcT STTlt q I 

fqqqr It Itst qft I Stfr, =TeTT grar qqT g*s III * 1 , |fqT° 

qql fH qq | lt| fql qft f ® sreit i 

q?lt sprTPT 3TT fqft%flt % aTPTT *raTf II 

qjqq I q Itqr It, qq ir frqr 1 It fls qrq It q^rr qrqr I u ■■‘ltqr° 

qqlt q^ra It q;Hqq I, arqqTlt rr *ret |q fqq I 

Iter qqq qrqqr, qrq qqq qrqqr, fw ^ % It It qqrr I n ■■■ltqr° 

qqR eft stt! q|Hvr% q Iff qqr 1 1 
qqqqret qq f%*qr ^«rtfHlf I qqr | 1 1 
qq qrq Iqrft I, fas qrq q^TTt I Itqr qq qrqq sqq | u -■■|fqT° 
qqq qrq qm ^It I, qq qrq qq I g;lt I i 
I g’sr 5 <sr It qRT, qqsr qftq qrqr — I qrqq fit I q^r | u ■■■Itqr® 

qfnfr I Ifqq ^stI, I fcq arrq ^q qrl i 
Hr flff I fqqerr, qlt qrq flReTT — 

qqrqr q|t flqfqqT | u -■■|fqT° 

g arqlt |t q^eft I qrqr qq- 

^ ^rq 1 q^qqqr qq, 
qr| qsr FI^rt, g; feq qq q qrqr 

5 ^Fqqr I ^ qrq qqr | u •■■|tqr° 

pffHr eft qr|t |t |tlt, qqf ^sjtt qr^rlt i 
?q qr^ It ^qrft, qqsft qqrer f|p^qrlt- 
q?T fq % Itlt, afN: fq«ft It Itlt i 

fit % qlt qrr *r*n I ii -"ItqTo 

arqq =qT^I ^ I Itqr, q^rqr qfqr qlt^T i 

It !J| t— fq| qqr qrl t It It Ifqer It ^ It fq^rr | u—ltaTo 
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SRflfacl WTffT # q 3TTcHf3?3Ttf rT^T 

Wrl <T^m H *WHT 17 


c\ 

^ 5 TR ^ 9 T W't TOTTOTO ^ arfTOT^T 3 Tg$fTO TOFcF, TOTOOr TOT Fto?, 
^ ^ ^ 1 1 j© tow ?r totot: ^r gw to qr> tow ww ^ 3 tfTO 
ffroifasiT, 3TTf*T=F tT^r Fw % £sft ir srcErfar^ wgrwwr tor ^ 1 1 f % 

^ ^ % WTO TOWTR fwSTT % TOTOcT WTWFto TOT ft ftWT 3^ FiTTO TO 
TOTTOFsr, ^t^arw-gf^-qr TOT gwft WW wft fttefTWlf TOFw ft 3TRTO ftt TOW | I 
f^ WR gw TO % TOW W^T WfF <*1% | ^T WTOTTO WW % TOW | I ERft WT 
^ TO fft frTRT TOft |, ftOfR TO SFR’Wt ft TJR ft ftt Wf WiTR FwFfW | 
— fTrq-f%-5fr pi, TOWWW WTORft TOW#, fTOTO ft wFw RRt^fvT, TOtT W^FTW, 

to^to, arTHriVwnr toFw % wtoOstw wtowt# i ft FwFtot wwTOTg” gw ww ft 

#Fto TOT ftt SRTFwTT ^T^rrt | Fwwft WRTOWR W^ TO TOW wftt qft afftSTT fqr^T 

ft to ft f'T’tBST tort towt 1 1 pg't wftf wroft wt fwwrT =ft# gg ftfa ft wwtVtf 
f^RTT ftr totoww #g tot wwt 1 1 

wft ft gir° wt° gw, to arta fTW# gw gwftTO wtw gw> ft wftw to ft §® 
ftttRTw % wFtottw wg wwift | Of arggfro wrFw % FwtoFww't wft wewww wTOisft 
toto> gw JTTfrwFtTwt tot wwTrFswwft ft gw? totttow fttT wtwwi wtoto ttwt wwt 
1 1 gw wOtor to wwww wtttww, gTO (iw), ftrfwr, gqhTO (i^), 
f^hft ( 1 ^°)- ^ T - w (i^) % Thf tow toft 1 1 


f O gWWT WTT^ (wfr^TSTTO), fWT ggWTW 3fffTOT fw^wfwgraw, vt\x I 
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mrfta ^frer qFqqiT 14.2 


3 rqq<ff qqsq qqT TTJ'T F^Eft ^I^cTt % aTE^T^T^fT *T 'TWT q*RT | 
f^r *r iTsp- Eft qrr sreqR 47i i nt 3 f£ i * r ;! T'T arqgfqq qrFq % Fqg ifqq'r $> 
infers ¥H?ifr3Tt anfq qft sm *r qfr fqnrr qqT i qq Rgq sreq-qq q 
Iwr ¥T ?r q^Fqq qrFq % Fqsrrfqrr qr qfrwr, qTcqFqsqra' qqr srqq- nj nrn 
% srrqf^fr wwrifT qrt irrq qri Jrqm Fqrqr qqr | 1 

mfoffTfafi ^ 

<1 315^3 afTfa — ■qRFT cfSTT JTOT1T55T SR^R gRT fqqffrq qf qf 

snfcrqT q qrqrFqq qqq jq qqr yrrF^r qr qiq 1 

7j fqmsff — qsq qT% fqfw q-sr % qrq%-?reFq;qT 1 
3 qeRfsa — fasTT qiqfsft qq qftf q«r 3 rftof qR^T 1 qq^q qffq 

Fr g=f (=i°qT qisrr) qtiT a r % aiqit qfr rsr^r =pV wfsrqi u'mfsEr tmT qqr qr 1 

V qKtpR RTR?KT> Wqq — fq?IP-ff Fqrq SWR <TSq nr af&qqq qpq |, 

— foqt-f'Rft 75T3 47T qf^q't gq% fq; afsqqq ifRq % 31Tq?q ^TcTT | cfl Sflqft 
qiqqiqq <r ^ s^qq nr qqr nnrn ^rar 1 1 

V, qqRfrRf (atfsRfa) — f % ang^TR “sqq|R ^T sptf q^T feqr 

srr qrqq qnfr srfgfaPTT % Fsrc; arrmqi qmqr qiT qm ^fqqfrr 1 1 " 

n% | Fm Trq>q% qqq?R 411 fqsrT srr qjxq qnfT qf%q 

qqFxr | q> sqFqi nr Fq^ft Fq%q qr q?gq> % qfq qq; fqfqqq qqrq nr 
s qq?TT qR?r % faq gcR qxqr I, qwq Fqi qraiq^q^q qF^qFqqt % qfrt 
srfa^r qfcqqq n ?t 1 

3T*I«H % 

1 q^Fqq qrFq % FqsrrFqqi nr q^qqq q qiq^qq qq?qrq qrq 

4 Rqr 1 

q. qq^Fqq qrFq % Fq^nfqqr nt qTcqFquqnr % grgfra'fr qq?qTq qia 

q;qqr 1 

3 qq^fqq qrFq % Fq?nfqq> q?r q<t^rr q q^qF^qq ?rq?qTq qiq qR^T 1 

1 . q^gfqq qiFq % FqgrFqq'T €r q?^ q^^rq q q^qF^jq qqfqiq qfr 

1 1 
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sigqfqq jrrRr % fqerrfqq'T q arrcq-fqqqiq 

^ 3T^[Vr jTifcT % f^OTpTiff “PV 3rT?qfqq=rrq % qfqffSTq qq^qTq 
| i 

} qrfq % fqsnfqqT ®pt q?ter q qrqfVjq qq^qrrr ftfft 1 1 

3TEE T*FT fafe 

q?gq arsqq-q % fqq qqerq smr fqfq qq qqq fqqT qqT i sq% qqqfq 
g^rerc qreqfqqr fqqrqq'T n q&qq;pq ^ ^4r qrsrr % q^Fqq qrRr % fqeqFqqt 
Ft qqr qqr i qsqqq |g; qrqf^sq -qr^qf q;qiq qq qqqtq qrjq fq fqqrq qqT 
qqr q$f % f w ’W'S fq^rfqqr qq qqq rqr?5r |§ fqqr qqr 1 gfqqrq qrq 
I5 fqqrFqq'r qft qRqq qqqfsq qqqr <i °qf % qfVqrq"T % qrqR qq q^q qqr 
fw q^? q qfcr qqr i qqqq %■ qrFqqqrrq fqgqqq |<j "qfqw" % qreqq *r 
qftqrq qTq fqrq q*t | 1 faqqq qflqq qqmqq ^rrfr qt qf qrfRft qqrq c \, r, 
3 q feqT qr qqqr | 1 

3rs*m ^q^qqr 

sftq qsqqq |g; qqqq ( ST 5 T vft ) % rnfrsftqqq % Fqq Tfo qto qt° qT^q 
iRrfqfqq Msqqq q*q^ qrqq'T nq qqtqFqq'f qq qTqqi qq f[ 

gqqqq qgqr fqqr qqr 1 


*rTft<JTt W^F ^ 
SR’qT 


qq 

qqrq qqqqrq 

f q qfqqq 

qg? 

qrqr 

qfqqq 
fqqrq qff 

-jV 

ir qqqr qq qqq qqq % q?% 
qqqr qqq wxm/wix^y f 1 

T ^ ,V3« 


1^3. X 


t qqqr q^qqq fqqrqq ?t qq 
qfqrt gl ixt qR %qT/3rrft f 1 

n ^ 

= q.=;3 

^ X 


t qq't fqqqt 3r fqq qq; q^qqq 
qq qqt frq %xt ^x qqi/^qt f i 


qq vv 

X 0 ° 

XV 

t fqq qq qirqqq qt qqt qqq 

^V3 X'V 

q^.x^ 

q\s.x 


qqqr ftxft f qqfo ’P' 
fqrq> qqqq ^tt qq FqqTqr qrq 1 
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tTRcfte ftsrr sfra qfw^r 1 4 : 2 


75 ^JTT^T ^nTFTTf 

far rrfasTa 

arf£ nfasra 




ararr 7f^ 

farfTR ^ 


^ tfr ^ 3^777 ir ttf ir^r 
ftaV 1 3fq-?r 7>'rf 3Tf77 arraT 
| art faaT 7| f*nrit ff $*r* 

OTef 7T ar£7T77T tt 7fV t 77f 
7>77, 3T&7T77? t taT/tcfr 1 1 

K 'W 

\S 

11 \x 

\\ 

t =tf f777 7?f ?rst t 7?V 

3TFT 7T tV aTBqr^^r t 7^V 
fEar/fHal wtfr ft ffTST7r- 
*fr 7ff?r 5 >aV 1 1 

1R X's 

^ n 

IVVl 

Vq 

t Tasrr t srq-jfr arirsr t *r^V 

7 gfaa im ^ t 7?tV tV 

75 V f^fT^rar/f^frTTaV f 1 

^ X3 


^A9* 


^TTfx^rr ^rrt^r 3 




'Tfr&TT 



75 arrrmf 

far rrfa^ra 

arf f afaira 




a;arr arff 

fawTa arfi 

V 

tt fMrn: t 7fterr t 7ara ft?=r 
t 77 3f=3# app JTT c cT ^tcT 1 1 

<1 0 ^ 




ft 75 % 777 gaaT afr srrat 1 1 

?K uY 




7?rf7 t 7\V«rr t 3rfa*r sra a - ^ 

v 3 


^■'5K 


far^ar/far^at TfaV f far tV 
aarft %<V faurfr tfttfv 

|, ?*T t ffrsrfftg- ir 
trt artr jrm % tot ^ t 
’rrar/'TT^ f 1 


gyrfacr qrfq % fqenfqq> ir snrq-fqnqrq 


S3 


^ t Pr-TT 'ft fqqq qq q£ arrt qi: 

Jr arfqqr qqqqfqTT |TqR q*{V qg- 
^^crr/^T^rfft ff i 

^ irf fqqn q qfhqr q qqq fqqRqq 
qq ?qcs: ^q Ir sqq; q qR qqrqr 
qqr qq fqqrfr qq 'gqR ^q q 
q fl m qqrq % qqqq ft qfterr 

ir q^s qqr qqq qfr jfrlr 1 1 

W qfqlrrq, qrqrr qqq, qjrqqq qqr 
qfterr q srqqq RRtscrr qrr 
eqiq q^Y tr qrqi/qra'T f i 

'R t %qq qflerr q qfrVr rfrq % 
qfRqfq Ir |T qeqqq qrqqr / 
qRcft f i 

3 ° 'r'^tt ir qxRgff q^T qrqq qRiq 

Ir ^q t qlr q^r qR fqqr q qfq 
q^T qTqr/qrqi f , qqYfqr ^q qqq 
% fqq irir qrq qqq q^Y qqqr i 


W.'t'o 


3^ V3 ^ 


3^3 33 0- 


33 3^ 3R 


3"^ 3X33 


^ X 


3^.13 


^ O O 0 


3X »« 


* 


Tf^TRft ^ fa^FTT 

qrFqqY wqr ^qr (q) qq ^wq Ir ?qR frqr | fqr qjjgfqq qrfq % 
fqgrfqqt q^Y sr^t q^qqq ir qsqfrqq qq?qnr qq qqrrqr x'*' q 3rfqqr f, fqqqq 
jq qfqqq ^,<<y | qqr rtt q'k fq?nq q^f qq qqq. ^.x^, ^ x qfqw 
1 1 ^qlr q^ ?qsq frqr | fq? qg^fqq qrfq % fqqrfqqY qTY qqqr q^qqq ir 
qiqf?qq q;qq qq^rr fair q^r q^qqq qit qq'Y qqq qRqr |, qqf¥ qqt qq 
fqqrqr ^rq i qq% qfqfrqr qgqrrq wt qfqrr ft qrr ^qr rrqf qf^rq qqq 
Ir q^lr qRqT qqq | i qq ?q q-qq q qqq qr-q qfq^eqqr qqqfaqq q> 
qrrft 1 1 

?q1r qqR qrfq^ft q;qrqr q'r (^) q"r qqq ^ q^ qRq ^rqr | fq^ srjfFqq 
qrfq % fqgifqqf qt qrrqfq^qrq q qiqf^qq qq?qT ^qq ^q Ir qq qqqqr ^ ir 
qfqqr | Fqqqq jq qfqqq | qqr q'qT q'lq fqqrq q^r qiqq 1 33.33, 
33.WH. | sfr qqlqr | fqr q^^fqq ^rfq % fqwTfqq't qFr qrrqfq^qrq q 
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*rmfar fqsrr ¥isr qfqqq 14,2 


qqsrf;gq qq*qr arsqmr Jr f^q-q-^r^ ^©?r % fiTir^T q^q qqqr 1 1 qq: ^ 

q?qq ir ferfar jtr qfqq?cqqT sMYqrrc qft qyqt | i 

qrfart cffq ( 3 ) qft qqq Jr ^mr | fqr snjgfqq qrFq % 
fasrifaift qlt qtfsrr Jr qiqfiqq qq?qrcr qq qwrqr n, % qfqqr | f^rq-^rT fq 
qfrrqq ?m yq.^, «.«. ^ | aftr fqqrq q^ qfqTfrq qqq -s. y., 
sft fqr qqfqr | f% q^fqq qrfq % fqerrfqqt qq qqteqr Jr qrqfiqq ^ 
qq^rcr %qq qqtsfTT ir q^Tq qq ffe^t®r fVqt r 4Y fqqq tY qfqqr qqsr qq 
rrqqqfaq q fftqR qqqT qqr %qq 4 \ qfrr I l srcr ^q q^q if ^cffq q?q 
qfr^qqi ar*qtarc qf qrat 1 1 

q^q qfq qwrq Jr qre ^tqr | q^faq qrfq % faqrfqqt qJt qqq 
qi^rq, qJtqr qqr qRqfaqqrq Jr qqqfJerrr qq^Tcf ^Wt | sfr fqqrrfqqf qft 
qferq qqqfser qrt wfaq qqq'f | i 

W ^Tt 

fqsrr qqrfqqR, qqqqq %;?, fqf^R, 
qjffqiqiq, q^q^, H^vao 

qpqqr q^qqqq % ^qqfq, faqtq g^qq 
qfRT, qmr— 

fw q;q qqtfeiTq Jr qrfeqqt, qqqrqt qPsqqq, 
iftRHT, 

ftrsn qqtFqqiq, fqqtq 5?qq qfqq, anw-^, 

y qrq, qrrqqiq ■ qjqsjR qfqqq, qerqtqKrcor qqqrq, 

gjfqrqq fR, qmr-^, 

qq qfqr fqq=q iq rrq%^q (qrq i ^ ^ qqr) 


1 - qrqqqiq, qTqruq 
gfbrqr, rrq° qt° 

3 qJq, |qqf 

V qm, iTq 0 ir^o 


^ fq, trq 0 sft 
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artnrfar snfa % ftsnfVfT t ancJT-f^rff 

SUMMARY 


Title 

A study of the problems related to the self confidences examination and 
home work of schedule caste students. 

The government is doing and has donej a lot to impiove the educational 
facility for S G people. Even then there is not much improvement. This 
study was conducted to find out the reason for it. 

Data weic collected fiom 167 S.C. students of 11th class studying in 
schools of Indore city. 

Thiough the tool flTspsft siKfff TT TffhdWl T<h?[V' 

developed by Dr. G. E. Mathur data were analyzed (with the help of 
percentage The result was that there aie problems lelated to the 
examination, self-confidence and home work of S. G, students, which affect 
their educational achievement 


— (Miss) Sushma Shah 


* 


I 5^ Tf ITS 

TV fftRT | TTfT 1 ^^fTTT ^TT ^ ^ 

ffTffT if ^TcTT vPTElT T^TTT | I ^33 SVtT STT^? 

3ftT ITT % 3T^Tff | I 





sngisifo- 

^ sjftftrj'sr w vwH 

*r s r^ Rf FRk Rq%RR sr % qfFs srrr Rrciwnr 
ft«PT ?T *RT I ^ vsB % q- i tr V R^Rf % ^ 'ftS % RT 3 lfR VK ^ 

if i fafaffifk qffaR % rr <rt RRr pf rrT - fk rT pff rt *r 
rtf r i qRRR r?| 3 rrt> ft Rofks ^ qtoRtoRTf a srrr Jr irjif 
ttrt qqr i r<w aTTi^nr % rr r?| g? *n£k % ' 4 kx srwrTfr *r ttz\ ^ ft 
qf *ft i %fqR <; rr sf? r farc % rt?r fspr? rr % rtfr r| gq: ^ask® ? 

ft o jfr 0 Rfo 3-TRcfTR % ffcff FTRT TOT Rfl 5 RRR> RFRT RTOR ft RR1 I 

rd JTTTiq^R, fR?rr RiTcft % tot ^ ftsr % rfs? tt^t £r 1 
I ’TRR RRR irk tTFRTR % RFRRF 3? FT 5 T^P RT "| J| I if Ro^TR^, TOR, 

^from, f^rro sr^r tot Rfg-TOftF Jr tt°to° to % tor tort ctrt 
aroRo miHfcm srg’ir ft t| i 

13 RTO, T W RR^RTT 1 #fi, R^RrT ft TOR RR in 
RR (TO TlfftcTR t) it | 3 TT R I ^ ft RRRrqTR (TfoRo TO % ftftq 
TOR*) % TTO toft ^T % % 3 R 1 °ft TO gq? ffR ft I 

‘ift* *r ftrfaraT ft (smft)^ ftwr fern i frtor iv^ 
R^T % ft°TO-ft° RTifET HTR TO! TO % TOTTO TO RfTO 3JRTO fRRT I 

Rfft to firm ft r ft towt *r i n° |ftkrT tot ft gftt r 

SIR ft I 3 TR RRRfV RRRT % R 3 R if TF-ftR jqfffRfR % f ^3 

RiRt ?TRff Rfqs ^ t|| i 


(trrrr % rrtt) 



srrco <fto qiitt 

4 


Sfe^ sfi 3 H 3 TTcfta ^ 

o cvv 

flfeW Slf^^frT 

c 

thto tor sFFto, snjgfftt Fk fTCR sr^tr str 'RtotFs 11 % to 
F RT^TT RT^TT | I RTO TOR ?F TOFR, RT[%, TO, RRRTRT TOT SRTRT atffe 
TOT it 3TTOTO fepirr RTRI f 1 TO Fsr % RRFTO ?tFtotFTOT R TOTO sftKT 

^^rTO^r|; ^FFPrT TOrtfro rxFrtot FF jtot ptot F rtFr ct^t 
to tt to! 1 1 "torFt Rjf 1 ?toFtoto ^ totor ^ ft qf R'Ft |; 
IFtoF rtFr r Ftor rtr^Y^t ^F^rkr sfk ^ ¥V fwtot to Ftot 

ftrft f I RTO Rfenfr % 5fmn TOR W fkRR (TOk) ) ^fvT (lW) \ 

tototo (toFK); Fto^t (TO'to); tof (iw) anfcF totoFtt ^ft Ft 

fTOTORF ir TOTTO TO, tfTTO TOTTTO, TOT fsfFw TOffa 3TTfV Ft TOT f I 
to^tt 3TsrpR |?Fsr^ st5r t totr RfrsrreTt'T srfft 4 F stFsr 3tFrtFft 
TO ft HtfTO f I fTOT RTO, TOF % HffTO RRRTcTtR TT^ft F % aTOTOTOTf F 
fTO cTVft TOTOFq- Rjft Ft ft TOF 3TTOTO f§ TOT f I (FtFfro) 

TORTfF, (^fTOTTO) , (trtft^TOTO), RRTFtf (WR) , FPt FTOR- 

TORRTFTr (tr^TFRT) anfc RRRTcftJT Ft TOTTOT qF TO^RT TOt F 
TOT TO Ttf TOF f I TOTO fTTtft F TOT sfH rF £F fafw TOF F ^cT 
tiF sttF f (ffTOR ^trtr totot frorR, toF ) i 

?T° TO° Fto <TTTO, fwfTOR, I^TOR fTOfFTOTTO RTRF TO 

f ° t|to totFtot, {Ftstt Ftopt, ^vRR fF^facnR, toF i 
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TTTTata fVrSrTT afm c rfw=PT 14,2 


STTgfsaf SRa ^ STaffe aR^ST 3tYa faRR Yr aaaaY $Y ^TTTT'T'^TT R 
aarra aaaaaY era' saar fafasr aramY a saga fear arerr a^r fr, errfe fear % 
§aaT faJr aiafa alt aferara are faaiare a) a% i ?a aaareYa Rj|i if 
aq-cr^r?; jawaT are % faY ?Y ia% area lYreY ga afare aftrefa rer aarrer 
fraT; cTTfV reagTa % afaaaa aargqr, aYa fsaaa afreY ar pm areaa 
a% i w srera % ?a arret at areaa reaY afaa mt fafrere aa Jr aft^ agY 
feat ?r area tfe rretfeer aa% aataYa fairer aY aYa ^w ferer at treat |, 
feraat Jr aYa ¥ft atacfYaert % afearea aa a% i 

sir afsre afrrefa at fefaa atY Jr awrere fear at aar |, art — aat 
faaa, erar araa faaa %re, faat-trfexn, asarea aYa rrferaaraY erer reaare 
atfe i Ya aYa fefea Jr g^ a^rea— fre (tu*), Ya (iw)> ?ta (n^H). 
areYaY (<m\), YtstaY (88K-), airere (n^fe), 1^ (YW), s^rea 
(tua), wr (m°) maraarr (n^), feat (YW), sma (u^), 
trerea (n*re). f^rereY (qa^), ffereaYa (n^.a), fafeaa (r^°), 
aa (iw). fag (n^). safe (YYas) ^Tfe |i fea c *Tr afere 
afJrefar aa aaarfa a*[gY % a<re*re aaffeett % arera ta aqaset agt 1 1 
^g-fercr ^ arra % arrerea Jr gfeaare retra % aaareffe ?njg qY a fere aare ar 
qttt are tfear errfe aareY araeffe rrrre arefare srerer at are i 

3{S^?T % 

( t ) aaqa araY % aaaraYa aY afea aaYafe ar asaaa aaar i 

(^) aaara Jr ?arPrer afaa afe?Ya % arar^: aa aaa urfaqe oqa§rr 
aY feftaa far i 

(^) a?a aiaYaa a^aaa i 

sTE^rra srifaftr 

(a) wiraji — arrY aaqa a aaY |t anaTeiYa ng? afarr, aT^faar 
aYt aara aife aY afaa afaafa aafe % farr aEqaqq;at a q? afa (aa 
a^a^T); ara (aarr) aYa q=: afe (a^TfaaT) arfa aY aaa aeaaa aa 
aa aatar i ^a Jr a "^a faaaa" % reut qa q°o r^Y-^aa aaarfa 
s^|a> T aaR fear aar i RTast ar ?ac? ^r fe^rfeapY hi^Y (Paaia) 
star aaera % sirara aa fear aaT i 



g^npgns SW % ^iT^Trftq- # tFST^ srf^ffT 
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(srr) sr^ 1 * — rregrr srrtFtt ttjjCt ^t srrepfr TRtgfg spr gggq-g ^ 
i| ^ cr° TT .^° ^ttit srt gg^g w f^Prer g°g?r°ift°fo dpj^ ^ T 
f^r | i dTEq-q-n^Hf £kt srsrrfr w^r "tgara” % ausnr r q?t gf 1 1 

qfT«rT*r fa%^PTT 

jrswt ^t fas^R^ fRg % fVnt apsgtRqvrrf Jr ^r«f?nctf^ TiffepfiV gg srr 

fpn i f»r% st ? t f¥*rw aprsrTfa g^ft ^t j/tFsht stFsrTtt w?i f?*rFfr tw 

I I ggqg STT?ft % fifTRT gw FR gFggFvT 3TT gURR (g^o \s) , 

frafarr (g^\sg) sfR jggp- (g^g.^) tttr f 3rr f srFt 
5RT WPTR (g^S.*), gffRT (g3° =:), 3rft JJITR (g^.^) STTfV 
i§r 1 1 wwtir Jr sttr wmvm % Center ?>fr *rnt $1 Fw?g?rr fg 
pmrfjr^ ggsg % ggnr % gg ggTg gr?f>Fg^ ^R°fr gt TfVFer Jr Fgggfr 
sfsc ^ gfgfr Trmr gr ggrra I i 

c 

tfR fa3%cpJT % 'fTR: ftcTI | ft? c|Vt ft gggTftT gff (fcT, fifTRT, 
JTTfRm sfR T3RR) arrfe arf^frT “FT faFROT ^rTTr^TeTT FtR g% | I 

pqf gif 3RFT «r*e^fT <t fwr % ft?T^ gfsR f^f?cTcr ? iff FT ftcTT |, g^STUR fWTft 

?njf % i gggrFrr ggf gw ?rf ¥t TnfSTcT gFggFrr W geggn 

(i3o a) gfgqr ggnrsngt W t> *3t gg ^wg (g^.K) | i 

ftrrr | fg ?g g^f it gFwrc # Fwwt, %-ra-^rrcr, g? % ttF<t gw 

^F*wr rrg^ | i ^?r% sttt Ftt^ w Ftw $ ^^F'tFt 1 1 stp?t 
^srrr | Pf ^Frir ’TTeT^rrr ^r ^zrr I 7 “arTTisr jrgFTT” 

3Tk "sr^lg-FTT 1 ' rTT5T fl ?T^d> f I ^ 5T«T^ frT STf^fET^ fwr % 5T*T i%H 
tttpt | cttF% =tft , tT'T % ?T ?r^ffF ^rrqrFF^FT ft ^ i ^ ftt’t ^cT^TFr ftrr^T ^ 
??r ERfcft JTH^- |, FT ftr -cR 3{Pfq- Sfrr ^3T5T I f FgT^ ^F^FtT 3T3^ ^ 
Rej: ^’tftt I fqr ^ RfFT fsrsrr % 5T% | | STR fwr tFT 

R^Trnr c TT^ ^>FTT ^Tffg, FT ftr tT't^TrrFt'TT^ I m ?f(^t 3ft^FT stTpT^ vrm 

'TT fnTfT TfTTT | ^Fft ft ftraiTT T^T armR^PTT | I 

TTfTfTqr Trgf ^t 5Tf5Tf 3TFrRFTT gW ^TT FTtiTiTR ^ 

w jf frr ( ^ ^ o ~ ) Tf r | i ?tt^ Fttstt % ?^t ?rg? w wit arftrTT TFTrtcT ftm 

1 1 rt ttjttr rr ??rt Fftt srgriTTT g^T Jr srFa'fr t i ^’rf r rFr % xfFt 

^Trft 5TTft f r pF^rt ?^t ^Fr FTft TrfrTrr | i ?wt ft ^rrJTrpR^T 
F?fT £TFfr?Tt t, g^Gf fFf fg-qr gg 3rgg % fgjt FftFt ft f^TTft srr % frT 1 ? 
frtgr f (^o5io gg^R 3TTf^° g^vs) I ^ stT-ft ^ff^Fft ftt BTf^fEr^r ftrfrr 
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qRftq fwr qfrtr qfqqT 1 4 ■ 2 


iq srcr qfqqrq q?V ^q^crr, q^qrq qYq qq srq q qTq^qqqrqr qi ^tt qrqr 
fJrarqY 1 1 fw % qft % ftqY qY qqTq qrq qqYrr ?Yft |, q?qq fqq ft^r 
qY qj-^rq qqY, qiqq YprY qYq qfsrfq qTqT=rc°r qqir qqY qT ^ 1 qtrqqqqqrf q 
cra-q- qqqq % qqq ftr^TT % qfq xqqY qqRTcqq qrqqr qqqrq qYq qfq ^ 
?qsr Y qqq ^q% Ygft qY qqfq fqqr 1 1 

qqqTq qfttj qeqqq % q?qqq Tg-qr* q 3 jf 5 ^q qq qY Jrrftrq qfqg% ^ T 
its 3 uth (<\w y) qYx Rfr qq qr (<mY) x^rfi gqJr prar |Yctt |f% 
jqq qq ?wY qq fYrw % qfq qqrq ¥q % qrq^q gftg jfrqr 1 1 gqqr gqq gRq 
gq qr frfq qrg q qq*q f)qr I (fqqrxf 1 1 Ysr Jr trfY qr qqrfqq 
fqqqr fqqT qr tgr | 1 ffa fw qfq-qfq Jr fqqrq w'jft % srt ft ^t t^Y 
1 1 qq- gqY qq Jr qqq qWt % qfg fqrsqT qT «Tq qiqq fY *?i I ^Tfq Y qf 
gqftq qY qgq*, qqsrqq frfY Y *IT$ qq qq 1 gq srqR q qYfgq qiq;qqr ft 
sorer ?YqY qYq % ttr % arew qrqfqq ft qq qqY 1 qqqrqYq q^|Y qY qfqq 
qfqqfqr qY fYYqqT Jr ytr ftcrr | fq qqY qrqrfqq sffc aufYq qq q ^qr 
qsY qY ftg qrqTerr 1 1 q^ qqY q*qq |Y qqqr | qq qqY fsran qT fq%q qqrq 
ft 1 srsqY % qtrfr Jr TVerr % srfY qqRRqqqr q=sq *cr qq qrf qf 1 1 ?ft, 
jqq ftqY qY qfqq qfqqfq qqrqqT |cr 1 1 fqqY srpqfqq ftq qr^r 
qRYqYq fq?qq qT 1 1 

fa’sp'f 

l-q^^q ftft ?Y qqqrfq q^Y Jr qfftq qfqqffr qY qYqqr qTqr?q qq 
Jr qTf qf 1 1 

Y-Y qYq fqtsiTT qY qYfqq qqT^qqr qY |Y qrqq | qT qqqTq q qxqq 
qft 5Y qr ifr |, qq fqq fq^r qr qqrq q§Y | 1 

^-qqqrq ftq q^qqq q qgqr % qfq qqrqqrqrft qT qqqr 

qqm?qq qqYq ^Yqr 1 1 qq. qTqTfqq qrfqrq orqY q.ft^q qq fqqrYqq qJ qY 
ftrsTT qqqq ^Y qqqY 1 1 

v-^qq:Y sqq^qqqqq Fq^rr ft qyq qY qq% qqrqqq ^qY qq qrqrfqq 
^Y fqqY Y qqqY qfqq qrqqqqqrqY qT ^qr qq% qqq qTqfqq qq qq 1 

u.-^qqT fqSiTT qr qT^R “qYq fq^rT" qY qqTqr qTq qrFq qrqq ftqq 
qYq oqqqTq qY fqarrT % srt ^qqT qTq^qJj qq % fqiqTq ^sTqT qr qq i 



9] 


ma - % ^nrsrraYq- arf^% 

^-fwr ¥Y *htptctt *r stcrx ^tfr |, %t whctt ptc? srcTTer iftat 

1 1 ara stfa’f % fairer % f^rtr fa 3 ^ ^ 3rfa=rfa farsrr stRm ^rfa off 
fa spnrcpT =fiT ^T^yr ^rTXRrftrR 1 1 

ts-xn^R =f> ^ “srfasTT q-<terr ,J srtffa ^rtt ^rf^ Rifa 

srfcTfrmT^rr w<r tsrtrr Jr ftr^rr fr ^tt xr% 1 

t;-"sfls ftrcrT" % srt tRrfara xrarf-x3T?£ir, erfarCt, f^tfipfr sifa ^g- 
sfRRXt % srfcr tfifepF rr^r^fr^ft % Xf^RTRR XTH (Hardware Approach) spsR 
53 ‘<TT t T*T % 5RT f^^rfacT XRfa 5ffa I 

X-S?ft fTOfST^RT 9VT fa^farf $t 5ft 9X *RR TT sjrt 

qfRR XRTvR, Tfa^TT fatffapT, ’TTR’R-’TYr'T aftx iT^-H^RT ailfa % gR If 
iTR^n't f I 

<|o-RT% ^ % |fa^TC ^ fa4TTvfa % fartr XR^R 3d HBHAT % ¥TR WA 
faspm TTTrT RTTf^cr, cTTf^T % XT^ % faspR t^T XP-^ if 3)<fat ^ffaR ff|t 
ft fa^ xrxr 1 
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SUMMARY 

In the present investigation an attempt has been made to undei stand 
the prevailing causes and factors of educational standards using the social 
study methods which are of utmost significance and utility in Bundelkhand 
region of Uttai Pradesh state of India The analysis of the data obtained 
m the course of present work, reveals most interesting features of vauation 
m mean standards amongst the male and female representatives of the 
samples incorporated in the study. Further more, the suggestions briefed 
in the lcpoit reveal the multi facts of the social organisation in general 
and the educational aspects m particular, thereby, inviting the attention 
of policy makers, social contributors and others too. 


— R. P. Pandey 


★ 


p 3T«T?r srrr if, ^ p ^ 

if; 5T5T p appt STT'T^'f |f, rT=T p srf^ % trsfr 

^r*PT if, 5R p 3TT Tf TRcT if, tT«ff p 

ff I" "fare | tRTTcTTT TT stTifi I 


— ^rit 





|if sn^raf ^ f^^ir # sTT^rrtf *>t 3?E!m 

fVFt *it % trtrrcR V fV<fa ^r ^ 1 1 Fm ft 
ft tt'Wett-RtT'TiTRt SltcR | I ^ftpr 3TR7 | Fft qRP!R F?m 
% m srR^ fterr | sfR faofa % m ft trir ft f i ^ 

swtqR eft ^ srqrtsR tt %R-fsr?3 Jtmer f i 

ftpstT tmm it '4V fa*i> ^t atc^fcr *mqr 1 1 From % strr 
t't arrV IFr sfft % swrrc© *r atFf qr4t ^ ^qrsft tx Fm $nt 1 1 

qf* tTRtf V ^RR-JTT % f?FTR T^3fT fV RH it X^X fw^T f eft W% 

'rf^m tft 31=5# ttfr fiV, TRg irf? srV sr*t?qT % FtFtr T^afr tt Firx 

ftt f??rr f?m ftror | eft stRt Tfww x tfm 4 t vt^cTrt tf qr, 

*rs«tt ¥t ^Fret q>m sprreft srmfaet ftqf 1 am struts | fV ?rr fttft 
ft ?rq?err xx yfet Ft^rn: ft Fm $ 1 

sr?V^ srrfpf ¥t ar'rqt ?rhr ft eft % Fm 4t tfaV fteft f qf 3# Fm 
?rV % an-srrc ft* f 1 atfsT^m srm* qfr ft stfftft *m*r ©*r% strop - 

*TT Fm ** f, ert f" © ^ S!? ffet ^t ft MTHT Ft TW^R Fm %* f I 

©tf STT^pf SrartettFwqt etFt% % FroR %^t TtTR qt^etr f eft qftf R-fRX Fr 
Fpfa efeft f I f © 5TRR ?T?<t efr*t % RR * Ft^ ^ |j eft f© 5TRR 
Frifq- qtt ^fqrcq- j{ ^^>57 57^7? qi, ^Tet ^t ^pff'Tfr JTHt f 1 STfR 51eV^ 


ft|«r^ xf?r ^tq - ; f^:?r^ ^tert, fw ^*tR, ^t arf^©*n FtRfq^n^nr, 
(*ro sro) 1 :,,!■, 



94 'STTOfta fgSTT ^ftET gfeRfr 14:2 

TTT^rif % aM fgofg % sttettc fm I- ^ gg% fgttr rT ggTfgg g>g% f ^ 

ftfn^T gg% ^TSTTH'T 'TT ST^TT^ 'Tf cIT | 1 

fasiTf%=fr *t ggfg ft ftr«TT jpgrgg gg gfsg | srh: gf fthr % 
fgtjfg gg fggg 4 ttctt | 1 gsrrgg % fjr^fjr gtt ggtt gtg, gftlggfggt % grc- 
grg gg% fgnfa % arrarF gt ggrfqcr sftft f 1 

?g gag % g^gg Eft eqrg t f f g?gg 3 rtggg if grgrg ftg amrrc 
tt fgofg 3% f, gf eft ggig f%gr ggr 1 1 

get gyrgg gg fqgg | — 

"frgtT (geg g^g) gg* % fit ?gjg gigi-gT % fgtg % ^mr?: gg gFqqg" 


3 TS^^T % Zpq 

gF§g gurgg gg g^qg grqrqt % srt fgt gr% fqtg % grant 
tt gTqqr 1 1 

5 ng;q gbgqg q'qgTFqqi fgftr % st^ct^ct qgfepq sraggg | 1 

gratqgqTt jft w fit ff ft 1 1 wt-j^TT? ^ fg fgsTTFrglr it 
fguTFraT g>r gggnggr rarat f%fk % g?ggg grrar raratf fgfg % gggra ggq 
fqrar 1 1 fgir fgfgvT' swra % fg?fT?rq g% girggrtg, ggrgttg gg grgg, 
gg gf-fTTFn tt girting fqrar ggr | 1 gf fqwmg gqq % rqfgg £gt 
*r qqrigg 1 1 

^■q^TTrrr 

JTF^cr STbq-q-FT gq gFT 3 fFq ST^rtf % Pg^'g ^ % 3 TTSTR 4 ?T sraggq FFraT 

®tt 1 *$ t gq I 5 qftf gqgra gqgraq gTgsq- g^t m 1 ng. qg fg ^frg^FTf it 
g^grgFfr gq fggfg pgrar i gsgratt git 3 rRjgr pgqqgqtg gg it ^ Png ggtt 
fggfg gfg:gr % fg^g gtgvgt gg gggtg f^gi ggT 1 

gigffgg grPfFg g;T sreggg fogr 1 
gwgrggt fg^rngf ?r R=gf g?> gf 1 
sptgrggf ^t ggg gifg ggrg f%gr ggr 1 
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0% 5TRTirf % f*m % STT^TTf TT SfS^ 

fsrsmfT ?r 3*. ?fr Til i 

"FT ^T^ftfsTcT srf^cT^T ¥7 fRT *PTT I 
crfTRTcT 3Tf5pit *FT f%JTT RTT I 

^tfr ^T fa^PT"T 

5r?grr ^fTsr Jrm»ff s:ttt sttr sRffr fa^cror 

ffR’jfr ir sr?3cr | i 




N = ^ 

(srT^f sfasra ?r) 


3&o 

rr° 



hrpt 

iRT3?fR 

ftofa 

fanR % 3TTSTR 


STfsrsFT^T 

sftarFT 

STfcT fecf?! 





(3TR) 

mr *ft 

1 


3 

Y 

n 

\ « 


1 3Tf%T^TTr^^fr % fafTTT^TTR 


ft fRRR iRT l 



•\R 

¥?*TT “FT 'J'T ft, gWcT 

ffPifir =FT aTTSTTT ^RIRT 1 


Yo 

— 

^TRfT Jf giT 

ffTOR ?FTT 



V 

TRITRcT 3TTETR 1R ft 
fRRR *RT 1 

— 

n 


TR2TT =TT*f STrat ? siRCTT 

it J 'T^TT'T'T 3TT^, W ^TcT 

EITT'T % TIR- |tT f^nfJT TRT 1 

•R 



fWt tt ^iret to 

SRRTf^ cTTt% % ?RT 1 


*% 

IS 


v 
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vrrwlrq- ftrsn qftq qfeqq 14.2 


V3 

ftps qqqrq 'rftftqf'crq't ir aft 
sqgqrr vft q^t Fqqq 1 


'a 

Y 

IS 


e 

3?q^ qfqGs qrrFqq'r Jr q^q 
qR% frrofir ifrqr 1 

e 

t 0 

^0 



V 

?q-fq^qr ir «fr qqq;^ qt^t, 
qgt fq®fq ?rqr 1 

R* 

YY 


Y 

Y 

V 

TRRtFcRfr % qqiq if snqR 
fq-ofzr Jmr 1 

_ 

_ 


q- 

isq 

VI 

3 ?qqrt qrr qsft sfft f=q?qq % 
3rmR qq fqqq %qr > 

G 

Ye 


qq 


•R. 

qqtqsrr (^r) % smrrc qq 

Fqnfq- %7fT 1 

. 

Y 

E 

is 



qqRrr % src^qr fqqrjq qq 
'jqq fqqR qrq% qqgqq 
frrtrftr Jrqr i 

YY 

Ye 

E 



1*. 

hftt sfa snflrcfaer fpt ^ 

*qfar qff armir^crraft qfr eqrq 
ir qsrqR |t fqtfq Jrt i 


SS 

•R 


E 

u 

FqqKsmr fqttq Jr qqrfqq 
ffqR fq<qq Jrqr i 

_ 

j, 

E 

q° 

wq 

qs 

qTFqqr sqqrsqqT % 
arm qq fq^q %qT i 


q;o 


Y 

SS 

qw. 

fqtrqwf qfr w qr 3?pir $ 
fqqq %qT i 

V 

'ij' H 

S3 

E 

| -i 

!*!■ 

fqifq qq qfqcq % 3RST qqR 
qf , ^qqq 1 q^t sttsttc qqTqr i 

ye 

Y o 

Y 

Y 

Y 

IS. 

qrFqqrFqqi'/qTqrFqqr qqR ir 
arm fqqq Jrt i 




•p. 

EE 

q° 

aq^/?q if qfqfq % qqpprR 
?! fqqq %qr i 




qq 
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«f ? EP5f ffRT# % fa^T^T fa 3TTETT# =FTT 5f&iftT5T 
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ST§TcTr^H: fa #®T Ffffa fa fair 
inrffa ^rfa fa Hnrg^r^; fa^rq- fa^r — . 



K 


«■ 

iqfa far ?^T% |TT fafaq farfi — 

Y 





m q#T fa fafjfT ar^q-R 

faqrq" faqr i — 

V 

=; 




irrffafa 3fTsjTT tt fafaq #tt i 



-^o 

V 


iqq fat Fsffa fa 5T?Tfa 

^g-far sirr?r fa faffaq - %ht i y 


*R 


Yo 


gr<# % srsirirJT fa gtcrr | far — 

1 ^r arfspfrTfa;# % ffa€# fat srrart r^% strut ?r# fa#r 

5 |% I, 5 R far ^Y% STTRTfa arfsPPHr ffa#r, 1 ^% STRUT fafafR ( ^TEf) faofa 

^ r,°/ 0 srT^Tif 3Tf ?T fafa | I ^ 3TT3TT 'TT fa? J TT T fanfa fafa fat 

xm fa? ft vFr strut srtr sto qffa fat *rf 1 

^ srff ?r ?rm qrr #tw ft, \°% strut ?r# fafafa %% arnrrc 
tt fa% |, sRffa vo °/ o srurfa arffa^rR fasfa ??r arrsrrT xx fafa t 1 
ffaofir efttt, sr fa?j?r ar^ft fairer qry 3 yR ffa# # strut strt rr§t faqr 
rt 1 

3 spT^Tfft 3T*rfa fat 3TTSTR »TN?T \°% STRUT S'# fafaq fafa |i ^ffa 
^q% STRUT affcnfTTTT fa#T 1R faq<T Y% STRUT #S?PT fa#T fafa | I TS 

aiTErrt tt =r|^ qur n fa?jR qjft fafafa fafa sft far# # strut srcr rw 
RCT fap^TT TTRT I 

V farSfT ST^TT^R fa TR'PT# fat fafaq R 3TT9TT q’RRT # fafa 3 ? faffa 

5li% | | ^ 3TRR TT ( \\% STRUT affa^fa fasfa fafa ft, 3 Rfa' ^% ^ 

afaRpr faufzr, y»% ^ qru fa°fa R *% strut r an*R <r fafa 3 ? fa?fw 

Tf|t %% I 1 if# fafafa %% qrT *x\X far# # STRUT TTRT Hift fa^T ’RT I 

^ ^pHijT fat qsfa SRT# % JS5 RRT'TR ?FT% fat 3TTETTT *TURTT 1^% 
STRUT ?T# fa#T fafa t, arafir !<^% SfR-fa fa^rr, ^V% sf^fa affacR 

fanfq- tr% Y% FTT^Tjf ?|tT fa'if’T %% f I fa?fR # 

xm far# # 3Rfa 5 ttt # *rf | i 
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'qRsftq fwsrr urtg- qfeqq 14 2 


■Et Fq^rt *nr*qr tc q;Jrqt qqRR sr’jrrcnfcrqr qfr% Jr fq'qq Jrq qq qqq 
*ft r^^rr^^n Jr FqqrqTq 1 1 w arraR qq ^*% srrqrq =et^Y Fq’qq %fr |, 
y^% qrqiq srFerqqqr Fq’qq, n% mrf affqqq Fq’qq qar %qar v% qrqrq 
q|q qrq Fqfq qq eft 1 1 FqqqTer qff Fq’qq %q qrr s^r Fq^ft ft srrqiq irt 
qfr fqqr qqi 1 

vs fiaft qftnq qftfpqfqql it aft qqgqq ^rJr qq ^rtr qq q;o% ^j^rr4 
qft Fq’qq Jft it arftqr w°/ 0 qrqrq afFa^RT Fqftr n% sgjr qq Fq’qq ^ 
Tv % srrqrq qift ft Fq'qq qft ?ft 1 1 

d arq^r qftss qTFqqf ft qgq qqf % amjR qq Fq'qq qq ft qTq ft 
srmqf sm ftt^R ft nt 1 1 vs qraR qq: s% srrqft qft Fqqq qq |, 
qqFqr t°% qpqTq ftimq Fqqq, q o °/ 0 ftqqq Fqftr qq ft?% srmq q$q 
qqr fqqq Jrq |, qqqg; Fq?f q qfr Fqqq eft ft qTq ftf qRirq ?ftqR qfr 
qqqr | 1 

t ?qftftqr Jr aft qqgqq qfr qft ft strarq qrqqrq ^% qmq arRrqw 
fqofq, q° % ftqqq Fq’qq, v% qgq qq fqnfq iTq V% qrqrq ftf 'ft fqqq 
qfr oft f 1 

to. qgf qq TRrftFqft % qqrq Jr strr Fqqq oft qq q?q |, ftrq 

qrqiq qgq qfq Fq’qq ^q arrarr qT oft f, qqFqr ^ % qiqnf ftf ft 
Fq’qq qrqqTfqft % qqrq Jr arrqR q^f Jr^ | 1 qqt fq«fq, arfaqr^r fqofq crq 
aftqqq fq'qq qrr q?R fqqt vff qrqrq srt q^T fqqT qqr 1 

tt 3?qqft qft qqq crq fqfqq % 3TTSIK qq fq'qq qq qqfrr q'r qTqTqt 
^ qrf qf | 1 ^q 3 ttstr q-?: %q?r =;% qiqrq q'4t Fq^q JrJt |, srqFqr vq% 
qrqrq qFqqfm Fq^q, qrqiq aftqqq Fq'qqqq t : ?% qrqrq^q^q qq Fqqq 
3ft $ 1 W arrarq qq Fq?f q q^T Fq’qq qftf qt qr=qrq qfr Jrar 1 

t^- srrqrqf q;! qqtqqiT (f¥) qt qq% Fq'qq qfr f © qrqr Jr qqrFqq 
qfTqtli 3fTaR qq %qq'*%qpqTq aTFaqfm Fq'qq %Jr |, qqFqr =;% 
arqrq aitqqq fqofq, tt % qrarq qfq q;q Fq’qq c,q HT=qrq qtf qt Fqqq 
qft 1 1 qqr Fqqq qfrf qt qT^Tq qft JrqT 1 1 

tJ qqrqftq qFqqq qRrq'f qfgqr | Fqr §q qqpqr % q^qr Fqqf?q 
■R yqq: Fq’qrq qR% qqt qqg^ Fq^q qqFqr vc;»/ 0 qrqrq 3rFaqfm Fq’qq 
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|[f FRT 97=9797 % f9579 % SfTWTfr 9T 3R999 

ITcf e% 97979 377999 f?P>ffl ^97 59TETR 9$ 77 | I 9g9 =PTT t£9 F9?J9 9|7 9T 
39 t (MV 97 97979 §r$r $rg7 F 997 Rcrr i 

<\*. 9RT7 afR Rvrrfq-R g77 97 % s9Ff9 97 9799999737 $7 ^979 ir 
7997$ R*% smf 997 F9"79 %7 |, ^rq-fifr 97979 37^9.719 F999, 

H% sfl999 f95T9, n% 9g9 979 F999 t[9 9% 9T979 W 3 7797$ 91 f^tjfq- 

f?pf 5T 9§7 77 | I 

n Fq97$9R7 f^-tTR 979797 % f7<n9 97 9g9 99 997F99 9R?7 I I 
$99 =:% 979T9 ?9 3^97$ 99 aft^cTR F999 77 | ^f R°% 97979 9g9 T9 
799, 3fiT% \s^% 97979 W 3RfcfT$ 91 T>f 97 F999 9g7 77 I 997 9 9F9T79 
799 77 T7 99 $ fatfV 97 stt^rt srt 9g7 F 997 997 i 

rs, F999 97 97f9T ^rqr^fS!JcTT 97 9797$ 9799$ lV% S7979 997 F999 
77 I, 99Ft 9a% 97979 9FE7TH7 F999, ^c;% st7999 fRof^T, Y% 9f9 T9 
779 99 39 % 97979 99 simR 9$ 97 f 77 F 999 9g7 77 7 1 

lis. 9f§! 99r 799997 97 $79 t7 mmx 979T$ Tm 77 9M |, 
$99 Y °/ 0 97979 997 7999 W 9797$ XT 77 |, 99Ft Y<;% 3TFSJT7T M$, 
^% 91999 7999, =;% 9|9 T9 7999 q9 <$% 97979 W 9797$ 9$ 795J9 

779 9^7 77 | i 

It; 7999 T7 ^77^9 7 3$9»T 9979 9#, ^9 9$g 97 97=9 97 919rqf 7 
^7 ni | I 9999 ^97 3TTSTR 9$ Y<;% 97979 9*7 7999 77 | 99 Yo% 
79979 3 t7t 9RT 7999 77 f , 997T Y °/ o 9T979 3^999 79^9, Y% 9fcT 9T9 
f999 ^9 Y% qT9r9 f$T 9TSTR XX f$79 f7?f 5T 9^7 77 | I 

1 X 9T F99Tf9^/$rr9Tf79i 99T9 7 3rr^9 %9?T 1 ^ % 9T9T9 ?7 9f 9 9^9 
779 77 |, 5psrf9T 97=919 9979 7 37799 9l7f «l7 f9W9 9^7 77 | I W 
9797$ XX 99(7, 3TfE79t9T 7>9 3l7999 f$79 77 97 979 F^Tt ^7 97979 9717 5997 

9|7 97 9f I 

^0. X^tffc-XTi 9F9F9 % 99 97 9797$ 97997$ % 97979 997 17579 

77 |, 3|qf97 7;^% 37FS79757 F9^9, 9 C % 77999 F979, ^% 9f9 979 F9^9 
7T9 =79% 9r=9T9 9$7 37797$ 9$ F9^9 F95f?T 9|7 77 | I 

37fT$T7^9 7 9TB7 ©9 t 7 7 F$r^ 9797 9Tr7 % 997^97$ f7 <99 77 97 
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TTClffa ftlSTT 51%7 qf777 14:2 


sprfti ^rm*rf t 7 fr % 75175 ft 71 # n| | i %77 n% 71717 7 g 7 717 ftafa 
sh 71715 77 %% |, ^rPr ^% 7i7T7% % 77 tt;715 57 3rTErn: 77 77 # ftofa 
7g% #771 7171 | I 7T'4t 7 #77 151 eft ftr77 #777 7% 517 #77% 'fl% 71717 fRT 
57ffi 7?% 7% 75 | I 

^ *ft cpY 771% fCT %77 V% 71717 ftSRiHT #777 7% | I 3R[% 
ft% 71717 3f%777 #777, HV% 7|7 717 f777 77 1(7% 71717 77 715115 75 
Tflf 7% #777 7|% 77 | 1 77 3T17R 77 77% f777 %T% 71 777 #77% 7% 71717 
5171 7#Y #57T 771 | I 

^ 77-7-7 7 #7551 7% fW5TT 751T77 % f Is aftfY 7 #777 % 7T7r5 §71 

75% | I 77 71717 77 %77 V % 71717 7f77T7 #777 %% t, 77#7 =;% 
3|%777 #777, ^ 0 % 7|7 77 #777 'T 5 5 - % 71717 77 311717 77 7%# 7% 
#777 7^Y %% | I 77% #777 %1% 7% 717 #77% 7% 71717 5171 

5775 7^% ^Y 7# | I 

qv 3ft 7171 tWT 751177 % 7175% 7 311717 77 #777 7% 77 757 |, 
5o% 71717 7 ft #777 57 71717 77 %% 7, 517,71 ^ % 71717 7#77151 ft of 7 
7^% 7%777 #777, 7°% 7|7 717 #777 77 7751 V% 7T7T7 77# ft #777 
57 37717 77 7|Y %% | 1 

1(7. ftft 7 777 fl lift 7757 77 % 77% 77 71717 77 %77 7% 
71717 77% #7°T7 %% |, 77#7 ^% 71717 3T#7715T #7°T7, 7%7cl7 f777, 

7^% 7|7 717 ft 77 ft Yo% 71717 7%# 7% #777 57 71717 77 77% %% | I 

7ft % 117 7f 7717 | #7 3rf%7151 71717 7 P 71 % ft57, #75777 7% 7117 
7717% 7 77177 71%, 71177% 717% % 5f75, 77T71#77 7<Y%Y 7% 317717 fir 
7fTiS 7lft7% % 77? 717%, 7757T % #77157% 77 ft7. #7717 717, #777 71 
7#7S7 7 3R1sl 7717 %775 77 7177%7 71717 77 7#77r#77 f777 7% f I g7<Y 
7775 71717 f%7% % 5717 % 7177, % 71717 77, 5%S171§5 %, 777 7% 77it 

f%, #77177171 % 771#77 ^%717, 777% 7sP7 7% 3|7T7 71 51771% % 77717 % 1(7 
#771177 77777 % 777R% % #757% 71% 57%71R 7177 |1( 7|7 717 71 7^% % 
7T175 ft'77 %% I, 7% #71 7771% 71l7ft!?7nfY, 7r7%, f 5151 771771, 57 #7 #577 
7171, ft'77 51#77 1(7 #7^151 355^1 7r5TT 751177T 551?71 | I 71717% 7 57 JT? 
711 7)71 f715Tl 751177 % #7ir ^7 7317 | I 
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ABSTRACT 

Tile puipote of this study was to know the basis of decisions taken by 
the principals of high schools of Indore city in their day to day administia- 
tion. The study was conducted on 25 school principals by stiatified landoxn 
sampling technique. The views of principals for knowing the basis of then 
decisions wcie collected on a five point rating scale consisting of 25 questions 
piepaied by the investigator. The collected data reveal that most of the 
principals take decisions after considering factors like objectives of the 
institution, novelty, democrative methods, consequences of diffeient alterna- 
tives and impact of decision in futuie. Also a few piincipals take lesoit to 
factois like pressure, mood, irritation, saving oneself, getting influenced by 
ideology, making one’s image and accepting the rulings of religious texts. 

— Mohammad Rais Khan 
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afk 


qfe fasrifTTf Tt tvff t ark Jr *fr, eft | Ft 

STEiTPTfT if «T Tff Tlf | I 1RTT ^YeTT ¥T CfT TRW | I |TT TRcT 

| fsfr T?r tt# Ftstt TFTd', 3r«r=rr 3Rq tti Fqqq, F^Jr qg £r*r 

TTcrr t, israr | cr«r F^rariff vfr tjg- fcniT Jr sk try | ^tTFt 5r*r rr 

3ftpfr qper sp^frr f i JrfTT r Jr Jr srFsppk srkr fqqqY tY *{Y qjfr trt i 

fqqq F5R =ff§T flTT f^fT q^RT ^^TT'CY SlReT ^R1 | I Trr^RTT 

Jr ipt 3rqqY stRfrFqTT Tariff | i i[Jr irk tFt tiTt frKY i *njY trt | Ft 
F q^rfqq'T qlY ¥pr ik Fqqq Jr q ^Ft ^firfT | ark t ^Jr afRR ^rt 1 1 

-3*0 fRoiijfrT 
(nm F?tstt Jr wrm) 



I 


enH ia if ? 


m aftT Tt it ffr ap-at T*ft M i *r(ra fT srrcr 
fft ft <r^r $x aft a 5crr?r i p anft ft, pfft arfft Tit tott t, p at 
frft |ir fr at ^ ft aftr aft teft ft ft tot p ft # at Tat-Ttt p 
aga *ft p asfr ft, p| sft aft aft antt aafft pt aft ft qffr aria 
Tft apft-srrftt (TCR aft ft^rr I ag 5T?ft agt | ft aft ft aft ?5TT KfR 
ftat aft I p ftTT at TT TTet ft I ff aga aftl-aRT BTPT fftt 1 1 ftRT 
aa fr? aftt, apn: pfRi Tit ^ fraT t at pt Taaar T^t ft p aatf ft? 
a ft p ft ftrft sir fr ^fRtmtftrar ftwf aaft ftta pit 
aifft i 

p ara pgm wr ^ tt«t aft ft aft eft t aara f T'ft tw ^ fft 
pfRl aftft TT’t I 1 3T7TT pfft aft Tit TOT t eft ftf fa MIR % fTC 
ari^T X% ft, iTf aft aft TT at RTTsft, fft p ftftt ft Tqi fRT | I HR 
ftp aft *r aftraftai arpft ftpftrr Traaftgt aft aia-ft-ata 
apftRT TTt ft aft pfft fftt 3TTTTTT aft fftlTa ftfR aft | p aft ftaa fT 
ftfrf fpaT, m ara-arc ft at # ft ft i p aft ft agfr wtr ftt 
at t# ft sftt afftra trt 1 1 



BN! 5 T C HT 


irfafafer ^ qar 

tsrf^ ^'T^fssr sr^rTf^cfT stt arena* 

OT'^TT 

fror srcrsr % g^rrctr^ fairer q[ft \fs ^t ^ *rf r^ft stu-ft t|T 1 1 
arrsPrifanm fftsrrc jfaitftrcft ft *t sr*rr*r fw tt ftt pt«j |, f^rn% 
Rfr^r^- ^TPlfft?? PTgiJ TOT | I firew & afifeRT | fft TO M?ff ftf ^ 
W5R ft ^ g-?r% toM^ ft tot^ ?ft i fam ^r^qrafr ft %?? 
furere rr $w,x §ft i sro arfsr^r tffftp ff ftt fftrerr srfftTO =ft wto tot fftn 

ftffT 5TTO an«TT ^T^rTfVgT |, 3Tcr TO fft?| aTfk^ MTRRnf^ TO^cTT I I 3ft*TTF 

fim-srfftsr'T sTwr^f stttotto^ ft wrw arwnTOft % froTOPj^r gsft t 1 
S^ft^fi STfT ftV aZTlxTi^Tcr aTTTOTOKTTaft, TOFftfftftf, TOfTOt, STTOTaft 
TOTOlftT 'FT SmUTO ¥T ft fft*TT STMT | I ^Ffttr <5T5T 'TOT ft wft ¥T 

ft arq-ftft totot3tt ftt ttto to Trft 1 1 i?r ^pft ^ ftt fftftTOrsft 
ftft ftf^, ^ftr^r, to^to, TOn^Tfftc^r ftt totot "pt frora tot ftt ttst 1 1 

ftpfrTif fafaTOTOT % TOjtfR fTOTOtg ftt Tsft TO TO|cft^ ftt TTOTOT 
ff fttft % toto ^gft g-fft&r ^rftterft sfr <rraft |, ^ftV ft ««rfo?r W ^tot 
f^!f^fft?n5T3T % fftyr ^eqrq-Fr fftsTO ft to fft?r st^r ft ftft° to° ww to 

5To OTTycTT, TOTTOTtTT FTOT flTOTO, ftftt STffcTO fft°fft° ^ftk (fT°5T°) 
fo TOTO 'FlPTOT WFT, TO° TO 0 W9T 
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FTCcfa fifTSTT iflF FfwFF 1 4 2 


Ft° F^° FfFfFpF ^?T FTFT |, faFF f4T5T° T JTfsmifqq'T 3F 
FTFFR 5rf5T^T°T fk^TT 'JTTcTT | I 

IF FFFFFT % fFTFT-JFTT | : — 

1 T5TF FfFRFr F?T F?tF 

1 FFFFTpRTt FFFT FRFT FF F?£TF % Fft FITFT 

2 ftrSTFT SFRFTF FeF 

Y, SFftfiFF 3TFFT FT^FT FftfFF FT FTcFT^F 

H FfWFTFFFT *pt FlRF FT cTltFF, FFF, F4TF fFTFFt FF =FFF Ft 
^FFRFT 

%. FT«ft T^FTFTF FT FpFFR 
V9 fSTSTF it?- TOlfT, FTF (TF F|TFF 

^rfafafa srrsrrfar 3T5 %u?t tfpnft 

FfFfFftr ftftPtf arg^fr ftffT f fPfftf t$t frit f | ft btf %%f 

|, fFF% TaTeT FfW T^FI FSFFF FRFT | 1 IF FTFFT F TSTFT Ft FT5FF?3 % 
FFF, FRFF FFT FI^FTFI'T Jr =f1tRFF fFfFFFTFT, FpFFTFT, FfFFFFTFT % 
FFFTT fFfFF 5TFR Ft FfafFfFFT FT FRt % FFFI fezr FTcT | I 

1 ■ FRFF IFTI F F^FfFF FT5FF?3 Ft FRRFT FFR FRFT I 
F FRFFTFTft F FRf'FF FfFfFfFFt FT FFF FTFT I 

3 PtFfF FTFlft Ft FFTFFFFT FT F&FFF, FTFI^F, FFT3TF % FRF F F7FT I 

Tf^^q-FT 

FfFRfF FTETTfTF FgtFF FTFTft FI TTfFfSTFTfW F?T FFTiRF FFFfe % 
■JF FF FFF FltSPF % FTRTFF % F^FFTF F F1I FTFF FRT Ffff ?TFT I 

FSFFF «ft° T^o FpFfFfF FTFFF % F‘< FfFSTFTtFF T FF ft Ftfafl Ij!T 1 1 
F‘RFF Ft° FF° FTSFFFf % F5FFF % (FT3FT-atf=FF ^F FTFc-F FTF 

itfFF ) Ft ttf ifti f^fff ff fMff I^T | I 



105 


uftrfaRr 3rmrfc5f srg^r qTqqt qrr fqqqq 

fETT^^f 

srrgq gftar sr-tcr Sr tq r V arf^qi fqqqfq?rT<Tq % =ft° q-fcrf^ftr % 
fffCT fqawf (w) ^T ^Tf^r^ f%qr qqr i 


q^q sftET 3R'qqq k qq^ft % q^q *qq. f?rfcrrT qrqqoq qftOT spt 
% ¥T *T STTR fqrqT qqT I 

fTft^PT 

qrwqrfqq'V % sqqqrt ^ 3-q% gTTT f%S: qt sr^qtqpR qq fqfm fqqT 
qqr i 

Ktqqq, fqqrq-fqqq, qqgrfTqrq'q % 'mra; % sq-^R Sr arm qfqqqq 
fT r-r |5 qfraq;=ff rm ^qrfeqt n,q q*qfisrq f*r«wt qq HWTcapu faqr 
?rqr i sftsr srPqqRq — sr^gq qrra artqqq qq q'ra srfaqqq yr qqq qqtqTcqq? 1 1 

R?rff % SHf^R 1 tft fafa 

rstr fqrsr’q srfqrsT'qrqf qq jrrqfiqq^ grrq ^rq^ t> rq^qq Sr fqfqrr Hifrtfl 
$ ^faer gcf qfrw'fr fcqT qqr i %4 'rOsm %q % qsqiq qfqrwrfqq> qfr fqfqq 
^ TrfrrfqRr amrrfor qrqqf qt qf, qr q# qfarfaftrqt % s^rfr- 
rbt % f^rir ?qqq fqqT qqr i qq^rfV'qq'q qq fq-rterq r^q gV qf r T'T^t <? r 
qq fqrqr qqT, qRqqrrv rpr ftrer^t Sr sfV qfwrTfqqT % 

qn: if qrqqrrqr qrw^r =rvr xi i srcrre'sn: % q™ 5rftrcrTrF*r«ft qft q?q qOeqq 
f ? trr qqr i <n?q- qfr^rq % srrr r^Y qsrraq; RRfqq qft qm qqr i 

3prf wij stfatfta fW'T'T 

*v sttPct foq qtqT ^ f| |, qf ^ * *3*^ 

qRqqfVq fqfqqf r Rq>q f%qr qqr i qfqmrfqq'T ^ qmfqfq areTftff 
qrqqV # qsrfqq qft snrr Sr qq qqq qSVwrr q qqq 



106 HTTrftR fw STR <rfe^r 14 2 

SJRRft t (corelated t) HHT 5TCTTT (coefficent 0 f 

variance) SKT f=FRT HRT I 


$5T 1 t = 


>J S£, J + S £ ^ — use,Si 2 


R , Gv 
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qfcrfafET 3n£rrftcT 3 t^!?r Hmrfr ht HSTfcR g'q^fsa- % fan ttwthh 
fsiReR cr»rr 2ft hr % fftrft crifn^i 


TTteR 

herhr 

fftHHH wfft 

HpRH 

2ft HR 

R qft4T°r 

* ftft 

°^1 

■> 

n wv. 

hr qO’SfDT 

n n 

0 

— 

— 


rsj | fo nft hr <[% vv^ ^tct pr 1 1 ^ hr °i 
flmwr rt ht hrr |, sr hhtr qftqre'Rr HRftf ^ fr RraT |, fsr^ h| 
fHRR frRRTT HI HHRT | fa p <r=T qiR H^ftSTH fft HSlfrR HH^rfsH ft rtstr 
HpRRH fHT I, 3R H? RT H^RT | f% RffTf^fsj STRIPS HRHft 

^rt qft H^rfftqr HT^fssr ^ HRH ft HHRmftft | I 

'Tf^HT ^ <rfw*ff Tt fa^TT 

’Tfafefa scimfer sp^h mm\ ’sim ^t s^fstj % 

*t sr^T^TTvft I I 

h*§h rYr hehhh h>t h^5h hrw ^Tf ht HfftfftFH nrarfR sih^sr 
hthh! hrht «rr, fftR% fnft ^hh q?R HHfsR htshhr; qft fqRrf'R qt 

Hnqft HHftqT hhit srht x%\ fftnft htshhr; Hpr tR hrt (£t h% afa; 
HfaRHRft nnft fftf^H ^r^q-RT qft H2iftHTfft hhh h% ^h% ffttr HcftR hr ft 
trq? *ft hhrhht q^?r ftft nf i ^h trap: fftiftHH ir nftiR jpgaftfR 
tsmft qft Htgftfftqr ^qrrfsy ft h§r=f rt i 




irfafafa arrarFor srgqq qTqqf qq fqqqq 
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fqfaq qrqqt q tststt qft qqqt qfq trq qtrarar % qijqR ^pf sp^r ^(y 
qrqqqT ft qf 1 1 q^rq (n^) ^ urtq bthpr qftorrq sorter | fqf ^ ^y 
sra - anrKV qfe % argqrc qqRn =qqq qnc qq ?qq spgq qrtct | eft qfaqq 
snrrit ffrT 1 1 

it? qrqrft qqfqerqr 3 T|I?tp qrrrqt | ; ^ *r spqqq % qqq % fact amrsq- 
qqrgqR qqq qft qqqqqr | tr^r arfcqqq % qqq qpft qqf qq ar^e'T: qqqsq |, 
qrfq afr fa?g st^ % qgq qff ft qqq |, q?r qqtqTfq qqqr qr q% i ?q% 
affcrfttp sr^q qnrtft *r fqfw qfqfqfqqr % q qqgjeitqRor qq arqqq <y 
qqqsq | aft fqqqqiFg q?t tfT^rwr Jr qqfqq |, qq q§ qmtft q^rfaqr qqqfsg- 
xk jmft qft 1 1 

f^eff ^T f?rff cTT# 

qegq !ftsr arsqqq qrr q><f sqfqqqt % qq-qtq if prrqr qr qqrqr | i sr?<jq 
qprcft qq qftrqr fqffqpq fq*qfqf%q | — 

irta^rf % faq 

sre$q qfqfqfq arrsnF^ aigqqrq qm?fr % fqnqqf yy ^pce | f% w 
qt qrctft sqfqqcq fqqqq % fair qsrfqq; g-q-^rfssr Jr arfqqr qg?qyjf 1 1 spgq 
qmft 3u?qfqqqrq, fqqqqrftq qspt Jr qfmqr | i am. aimq'r gm ^q qqqq 
€\ qmtft fq^fqq qR fqqpff % afTfqfqqqr^r ark faqqqrfar qft fqq^fqq qi^r % 
qqqtq iy qrnrr qqrqr | i 

srftr^TTfW % 

q*gq qfqfqfa armTrqff srgqqq qiqtfy qq fqisqq? qfsriqqTFqqt % srt 
qqtfTq fqrqr qqr i fsrqJr qqqq qrqpqqr, qrqqrfqqr pq f^qpqqr q§r q^r fqqqq 
jarr i 3Ter w qrmqfr qfr qfwrFqqt sro qqqtq ^ qrrqr qr qq^qr 1 1 

«rf»w fm 

fqrsrqr qfqr^T'T q^qrafr q;r qg^a q|?q qqrqqrrqt fqrsrqr qqRqrcqr 1 1 fqi^rqr 
trqer i rsp q^rat q^qqq^ ft qft, qqq xyq^ qqq? qiqqqfqr tyq q^nrqr qq q% iq 
qqrq qTt qfqfqfq armrfqq qrqqt aqfqqfq fqq;iq Jr arfqqr qiTqqr |, srq. fwqr 
qfqaqqft % s:rt qqqq qlt qrqqt fqqfar, fqq^iq^q qq'tq fqrwqi % aqfTScq 
fqqrrq Jr q^qtqt ftqt i 
STTm^ft ^ftET 1^ 

q?^q qfiET apqqq qtfqq qqq q qrqqt Jr q^aw fqqr qqr 1 qqfqq qq q 
q ? q qftq qrq qt qt qq?^ f — 



*Tn:tfor f^TEFTT wter 14 : 2 
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<\. 4TK 5fvt ffTBift 4?t 5ft 44 TJTTfatf f4i4T ^T ^T4T | ! 

^ 5T?5er ffRnft %4R ?^rf 44 f^facr tV 4f 1 ^r srtr ^ 

iRTRfr 3R4 fq44T tf fvRT «ETTf 4fT 4TTTT | l 
B. gqTcW % fatf aflt srflr^ Hq-f^qT Tf TT4kT4t ^RT ^rfjjqi 

'if m 4444 4ft 4T44t % f%(T sftf arrsTf 4fcTf4fa4T 44 44qfq f%qf qi 
4T4T | I 
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ABSTRACT 

(Development of Activity Based Instructional Material) 

Secondary Teacher Education m India has taken great stride since 
Independence. A variety of innovative trends have emerged in the field of 
Teacher Education at B.Ed. level To make Teacher Education truly learner 
centered and personalized, Institute of Education, Devi Ahiliya University, 
Indoi e, M. P. is organising more or less Zero lecture Activity based teacher 
education progiamme since. 1991. This programme is radically different 
fiom the tiaditional one as almost all the theontical courses are learnt, 
lather than taught by the teacher The present study was aimed at the 
development of activity based instructional material and to study its 
effectiveness in terms of theontical attainment of learners. As there is scope 
in the material to provide variety of learning experiences and freedom to use 
different modes of learning, the material was found effective m terms of 
theoretical attainment of the content by the learneis. 

Chhay a Gupta 
Sarwat Fatima Khan 





faetfeif ^ stiver 

qrqq Jr farw srtt ^trcTT % fqqro t q^Jr 3T%^r aft* fqR ^ q 
t^T SfqqT tflTRR f^T 3*ft SRR sffaq ^T STR^R trq qjfRR q?*q 3fk 
f^fcT jtr srh Jr sqfqrrqrr rrq gq^f^ qjpff ir Jri ^r 1 1 Jr qqzf 
TRtYqq afft 3fRR SRR =TT% x| | fa?| %*T qt tffrt at qf I %*T q^ 
qM*r | aft 3T?frRR5T % ^rq-qR srixtf^r, qRftR, ^rt^r 3ft* *ftqrR^ 
fa^RT % W^rq-fTT qRffT | I %R ^ftF. ^ *qmtfsR ^ % *RTqt5R *rq J^R 
pt % famsr Jr ¥fr *r^mr qfqrd 1 1 s*rm>sR afk it^R jq J$t fqstqqnf | 
3ft Rfqq qt *RRT Jr aftqq RcfaT TiT% ^ *T?m ftcft | I 

?Y*r % *irr feenvr feqTRR, f%RT *rr 3ufr *r ^qrr ?rrt | afr* 

fairer trgfaq qf*r % ftarT ■*?*tt 1 1 %*r =qTf*f?R, qftR ath r(Jrr % 
(Tq rr^q Jprft % fsRTRT *T tffR¥ | I fqfavr 3RqJRT ?t ^TcT ftcTT | fo fVfaw 
SRT* % %?fr ^T 5IRR STRR-3TR-7T qqqT f | *rqR aftl tfl^P %*TT ^T JTCFT 
qt fq?r 5Y *RRr 1 1 w 3 Rqqq Jr o^ar aft? ^f^qr £qfr ?r *RRt«R ^ 
Y^q g«fr % fcRR qq q'ffR qr a^qqq fqRT qqr 1 1 

crf^zfr^r^r 

RK 5 f-RR?f qq qqq trY |qfq*fr fqRfqtm-R qqarq"* (R sRqfRrr 
qirfqaiRrqY ¥Y fqfqar aY*rY % ftgqrftqt Jr fqRT qqi 1 Y fwsY frcJr at qqf 


q>° ReqtqRRR qrsqrqsp, qq^dY fw qfrfq?7Hq, R^argR 1 
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*rmfor fwT srter 14.2 


*r fVwErf^^rr^nr 3t?ctt srffftffflTfr f srfffffer^ ^ 

t| I | ^ 5 ^ 3TFJ ^fl"JTT I'S % ^ ft jj f f%?rr#t ?TT'Tf> 

^STTft f ^e^TJTTTTcf Tq | I ftjoTrff ft ft ft'ERT 1»» ^ft I 
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q-Rcftq- fTOT TfflET qffEFTi 14 2 


ark *rpjf^F fevnfefr % Srks 

qfw*T (WsQl—' R O O ) 
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o 0 x foranr % sen; r Tifhrer aig«mr 44 *tr= 1 ^ 



113 


^ gift TT arsqqff 

fffG^rw' gfrre 

qrgfgqT % f%wrRfqt qr g|, ^rr<rrl%qT ^TTffiRq 

tr^?r % fevrrfeifr qft ar^teT arffer^ s^sr 1 1 q^g; lirfaqr sr % wq^R 
Jr sifif g-refo 3 T ? ctt t§V qqi i 

f 5 T irqTsft^PT tV ?r sn^ff^ %qfr % fwvrrfr srfsrq, sr# qr^ qq i 

firgP^ t'cff %■ fe^rTf^qt Jr gqR %qfr % femFVzfr ar^rr ferret 
-mm qraq trer^ # $PTcrr, ^vrqqrfq<q, fairer ark qqr?q grq?sft 
juf'r Jr ^s <tt^ q^ r srqfqr qf^r gq sftfeqr qiRrrr Jr qrtf ?rr«fqr strt q^f 
q'rqr qqr i 

^ JrgR gq't *»ft qfe ^ qrgff^ %?ft % ferret gqR %*ft % fkffrfeqf 
¥t ^stt q?rq qr^ q^ i 

z^ arsqqq Jr fqcqnf fqqqwT *t^t t far faHTfeqt % 3 tR rRT- 
q-Ri rr=r gafr % fsrqnrr % fag gq??r tfa % sth-sr rrrgf^ %^ft Jr Rq 
?rq % fag qffa faqr ^ttrt qTl^g l 


tfSf* T 

l. ffar# gq° gqq, %vr qqrfqwTq ( 3 ^w) 

1. ittt 0 qrf qRT qnqfa, %q afar *T*TM («JV?1) 

ABSTRACT 

Adjustment and Leadership qualities of Sportsmen of 
Individual and Group Games 

Sports is a social experience. An individual lives and functions as a 
pait of a group and games and sports provide ample group interaction. 
Sportsmen get pleasure as well as opportunities of social and emotional 
development in different sports events. Games and spmts help the child to 
develop adjustment ability and leadership qualities. 

In this study the effect of individual and group games on adjustment 
ability and leader ship qualities are compared Two hundred boys and girls 



114 


sTRcffa ffjrerr ^Prsr 'rfk^rr 1 4 2 


of individual games and 200 boys and girls of group games are included m 
this study. These spoilsmen are participating since last two years in the 
Inter-University games and Sports Tournaments, Tlie age range is 
17 to 24 years. 

Adjustment Inventry for College Students (A JC P Smha) and 
Leadership Ability Test (Rathore & Dubey) were used for data collection 

The results reveal that the sportsmen of group games significantly differ 
in home, health social and emotional adjustment to the sportsmen of 
individual games while there is no significant difference in adjustment in 
educational field 

The sportsmen of gioup games are found superioi to the individual 
games in sportsmen spint, risk taking ability, feeling of lesponsibility, 
self-confidence and firm deteimmation while theic is no difference m 
character and intellectual ability 

From this study it can be concluded that the young children should be 
encouraged to participate more in the group games in older to develop better 
adjustment and leadership qualities. 

L . N. Dubey 


* 


— ^t| aft fr, <3^ per ^t| sft £t, Tfffer % 

% *rr*r ttT 1 gq sff f © ffrfr, t ftrqr appff ffrfr, 

^Rrr 'jofqr ffTr aftx: gq, gTpnr 31=5© sret ffRrf tsPT % 

ScSTt? % fiFT I <TT![, f^TT 3iqtfK % tffit ^ fT 

^Tht | I 

—5ft <t5r g*r 3=5% ffet ftmprr ^it f spm 

4R if, ffT svrfrr ffRff ^rsr sT^rr 1 1 





fsT5n?T * <IT Site 

ttsrHr fa?rR % fasiTPrcT jtrr ft $t Tsrqr rr | fa 'Rr^r- 
RR ^R ft afRJR fRT | l” ??T RRVR fw qsfft % ^RrERRY 
r $ ‘TftqriT | fft ^rt 3 Rft *rjt m\ ¥t srRftfa tfoqrfa^fr *r fiRT 
srmr 1 1 aRTfw^T^r ?t «TRcfY*r ^RftftR ^ 1 1 srsrfo *r ^ | far faYijft 
ft ftffiT 5TT c cT ¥TRfl> ftW¥T, Sfa^Ttf^Kt cRT TRfttftR fsRREjft ft *fRft 
^ rr % ^ ft^ft ^ *fftfaR ^rfft qft | far qfm % fsRR^ft ft ^r| 4 V- 
ftT^ft RRR^Y % ^K faT t afk falft ^ ST^fftfr tfRRT RRT fa^FR % 
ST^TR fsr?f % TR ft Rt^R ^ft 3TT 7:| | ^ fflT ft 'J# RRR fsRR^t ft 
RflTR RR, arfER RWTfR^ ftk 3?flR fRfftclTyn cRY% ft *R fRRT | I 
sregff sftsr 'R 3 iT ^ftt srr qft f® aRErrRRft % Hnefa ^ 

RT7RT I I 

rrrr ft ft % *nxcffar *RYfftfti ft ^ %crt farfaR^; wjror sffa jtrIt 
*<T ft 'TfaRfefcT ^tcfr I I ^ I far RRft ft?T ft ftff fir %<R ftfar-RR 
R?ft RTeRTfcRRT ’TfRT % 'rfftytf RTf%R7 cf faRfaqRRR JFtR ^ TRRT sRft | cTT 
faftrpRR ftft TTjJRFR TTRTR tf«Rr % 5?5^R q? ft SfTTcfftT faRR fa 
*fa5?TT ¥T ?r^ETR q^ft I I TT^PmT RRRT Rfa ^ 1 \^ aRft tfRTfaRRT5rfafcR 
faqnt fa siraR^fir ftY^mERftn fa ftfaRR fa *TRft | wt fa arefa?:?, 

RffR TlR, iPHcfa ^TUT^topT r?)ft wfafa RTTfiYR r?ftft far rfanfR cRF RR- 
^rfx^T sqfafaRT cRTW ?R | I ^RTf^^-TR^^r ^RofT fV 


^fo ffafRjHK 7RT, STRtFT TR^rff f^WR, f^TR f^RfqgRq 5TRR7 1 
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qRqtq knar q'ty qfqqr 14 ■ 2 


qqterr qkt <r qr 4 ft qqqr | Fq 'mqrR farm srnrrsfV % qrsqq d 
skr <r qt 4 qrq qqqt qqRrFqq qqr 'Rijkmfr qqrqV q qfVnjq ^ =m 
q sfTT qqqd iTT^fir qt qk &kt qqr qfr qqqd % rmq d qTqt |st ^ 
qqgfit d I qsrPT STT^T? r 4 t fit qq RTR *t faTR | I TR^ qq fqqnqf 
kr ?rrqq^ ftrfw |1 qq 'Rrarqqr q am ? 4 kR qtfTqRq ^oft 4 qt ^(t 
qijqt qtat qr qq arrqtfqq qqrft rft | 1 qqrFqq ^ft arrcqqkqqrfqat qqtqq 
qr q;q qqqFr'qTq qt f qr Fq cr^Tfcr qqqR qt rskqq qrg;q RRtq arTfqtqq 
qqq Rqq if qRqkr qTRdqq qqr r^r i 

qRq; qqq^qqr strfaq % qr? qr qRqqq qqqT Fqq qqq qqppqq qqqr 1 1 
qrq ^t qTqqq fqqTqf q, qqgqq qRcfTq qq^q^rsTr, qpqqrqr qqT qTrqfqq 
^s^Pq q 'jqq arqfqq femi qqqr 1 1 qd Fqdtft q*fFq, dq-^qr, qRTr, 
sqq^R, qTfK, qqfq, q?q, gqq, farm qqT RqqtFq qr arkrrfq qfqq qqq 
qt | |t, ¥Tq |t qq qq qkqTF?qq rft% qr rr qt qq% qq q 1 1 ^q qRitq 
qd qrqr qt qfe d srqq, farm qt qfk rr qqqqt, qrirpq qt qfe rr qqFqm, 
qRRr q^T qfe d RpqqRt qk mq srFqqnr fqqr q Fto^ g q Fqnk T^q 1 1 
qfr qn;q | Fq qRqtq qqr, Fqqrq, qrF^q, qqtq, farm qR srsfsqq^qT q*4> 
qr^^qed afl-q; srg-^rq d rq’irf qqd 1 1 ^qtfRrr sttr qTqTR qRqdq 541 qdsl 
% qq d q qt ?q qrR % qfq q qdiqmql q^ qq^qqr % qfq qk q 
qq% ^'j^qdq qqtq qqr qrwqT-q ^<qq qpqisq % qfq qrqrq | q f r qrrf ^t^t i 

q^fq, qrq gqr qkt r qd qqt 1 1 snq qqTft qr<t qd qr<t qqqqr qftqq 
irt qqqr ^ q'T | 1 ^qq qqrq qq qq\ qTqv qq qr?q fqqq d qqqqi 
€ 1 1 fqd q?i?q qrf^q q"r qqt qqTqqdq qiqqr ql<ar qq dqqg;qq sik qffqqq 
Fqpqqiq d kT qqTRT I ^qd qrPqqTq RT q<V qrqr qq qi: d qqqt qqqT d 
qtq qrd I qf gqp qqfR qiqt I \ qqqT ^q ^qrql qTfqq qk 
qTqrfqqr qqqqT q qd fqqqrq 1 1 qrqq ^qtFq^ ^Tq qt ^qk qftq qTqf % 
qfqqrq qrqqqq fqqqfqqTqq qk qq% qqqqq qq qqd | 1 rRqqq. qft qrw 
| k i?qk qrqqtfq fqqTq % qfqqTq qftu qiqqrrq ^TqqtPqq fq?qq, qTqqtfqq 
aqqrqr qk q^qrqt qq |t qrqrrtq q| 1 1 qqq q q|q qq qtq qTqd | k 
qq^tq qqrqt ir qfq;- i jqqqqq qr qd Fq^qq |q qpkqj sRr qqq qqrqr qk 
qqrqT qiqT |, q^; q^q: q^kq qTt qqr afk qfqfq # qqqr^qr % qtqq 1 1 
"frqqq qt qqqrr;qr ?qrd q^T fqqqt qq 3ftq 5?qcq aft qqqr q-qrqr qqr^T 
qfq qrqrq 1 1 qqR % qrqtqqq qqqq q^f Fqqqrq q 1 qjrrqfq qrFqqT^ % 
fqRpqqqrq qRq "qfqqrqqr^rqqq" d it^ q;qqf qqr qrqrr;q qrq q^qr 



tispftfeftSTH t RRaftrcrr mr 
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I — arf^sr^rrsq- rtrrrtPrrr. — sr^rf fr rrrr =pt in? RfiRR rjttr ¥7 ¥ ?R¥t 

5TPR t ' RRTR3T RT Rf fRRR ^RR. RRRR RRfrfRR RfRRT RTRTpRR 
?!f I 1 7TRT gsifrff RTRRT ^TRcTT | pR 'RR RT BtRRR Rf STRT % RR?R Rrg- 

5cq'r rf srrrr rrrt afhc rrr gR-|R it ?r RRtgR Crt i” rr~ 

qrpRRT % RRTfTpRcR Rt Rf RRT RRSt RpTRiRHT | I 

<%st % rtr f%;gr?R ir Rpf-lRfRs£tRTR ffrf RfRcrspr rt RfYfyf rrrtr 
? rrqr Rqr | i RfpR rfrir R>iRRReR-RrRr Jr rV?cr RR ¥R ir ir r^rr | — 
"ifR RRR*r" rtr rit ir fRrnRr rf qm | i rPfr % rrPrrr riPrr- 
=r7Er r> f¥?r ir pRRir °^w fRi rr 1 1 sfY^qr Rfcr | — *R?nf 

ftiTR RR. 'TRtJRf 'RRTRf -3T«rfa aRif R¥RR % IRRir ijr; «ft S RR?RR I q-?;?5 

1%X % RTpRcR ir f?cT§ I T STRTRf I I RRRTcR TRiftPcrR f%RR ir 5TR Rf T RTRT 

| — rrqr ¥?gR rrt ir m~^z frrr ftnT srs | fir rrfPr rrKt r^ftt | — 

"fRfsft PkRit rtr fFr^ ¥ g ^RsfV’ i 
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tt ifrPrr^R rrttPit^t aft^ fsrtJTpii^T ¥> rr^Rf^^R ¥’rrtr¥ armR^Pr 
¥7?rr | i rrrit % 3t«trr^ R'r t Tf?r ^ srrr |'rgr | f¥ R?rir ¥fcr jrrt 
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SpT ¥?T% fir^R RRT 3TR¥“3T¥¥ ¥TR % ¥T ^ ^RTTRcT ?T ¥#: ^ 1 

R-nfrR ¥tffr;rr ¥¥ f^srR'r ^r far^ % rtr-rtr rrSt ¥¥ir % sig^Ti; gqr 

J’T R ¥fm % a¥¥'T 'TfRR¥ '4P ¥RT ¥Rrtl' | I 

TIR, iiflR, sq-EffiirT, S7¥, 3f4 srrfg ¥1 !jrfiT¥, 3TTRTpR¥ cRT WRfpiT^ 
gfgspT ir ^R^pir rtrt ir i^P^r]; Rtf fgm *rt ¥tPr TRir^ftPcr ¥%g¥9tR r 
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'tsRt qqr qTqrFqqqT % f^faff qt ’rr^Jr 3 ftq qqsrif % snmr 

qf |q qT'T ^fTT ST^TT aftt qqtfqn; ^ Sfif, qfqFq, 'RT'TTT sfk ^qm^T 
Jr 3 t?ctt qq?r sfft: qqqJr qr %*ht cT^t qfft qt 1 q^q ar-Rn^ft Jr srm'ta mF^qr, 
ffqgrq fT4T qYFqqrqq q> Fq^ qrfqq qqqTcf qqqq qqqt srsrqtqq qfaT ^ 
qf ark qFqqq % qq*t % qr>r qqk qfrqqtqt ^Jr rrrq qrqq^ #3 q^ 1 quft 
5 ft qrqqqrrer xx Fara^-q^ qr?r qqk %<qq, *TTFq?qqR qqq^fq ql qrq-fqq 
cRtq, i3Ht, T>q arrFq % qrf^qqd qq Jrqtqn: qqqiir |, qFqqTsfr % fqqqre 
fqqqqqr 1 1 s?qkr qiq, qq^Fq, qrFqqrq q> qt qft qqr | 1 qqtFq q^ qq 
q?irq 1 1 1 qR§ qqq, mq^qr, fqqqtqq snFq % Fq%qq qq qs t 1 iFtfqq; 
jrqk qrqqVFq Fqqqq % srrqrqqq ifqq ifcqq, rrreq'V, qjqqq qr3 qqr Fqqft 
qqT qq q> qqqf ?frqqq Fqwqq qqqFqq qqqq q^Jr |, qq?g; ^qq qnrrtq 
qrqqlfqq Fq?qq q"r qtfqqt Jr q?| §rrqJr qft qt 'jRrq q^t | 1 

qrq. qrqqtFq fqqqq % srrqTqf-qqTqrqf qr qq ^tqr | fq r 4 Rq Fqfsq 
srrqqq Jr qq qrrc qq ft qft, srFqq; tsk-rsk sqqt Jr qzr t*q qrqfqq 
^-»q°q qT 1 qqqq qtt fr^r q^F qr, qFqqrq q^F qr 1 q^qF qrq q> q^ | fq 
qp 6 q qf arfRrqr srir qT qfqqrq qF qF^qrq q^F fFq'F i qr^'qq 'qFqFFqqRRqFFqq 
qrsq q^r | arfq^ qiqT^qqr qqr | 1 qRr qTqfFqif % q^qiq-qqF Jt q^t qfq^ 
qq% qqqF qqi qq^f q^q q^jfqq t qqqr | 1 qfq qr?;q tt^ q^r qr qt~ 
"qq qqf qrqqrq ^dfqqT ” qqqr — "qq tirT qqqdr qg;qrq” qft qqqtqqT 
qr>f-q?qt % qq> fqqql 1 1 qfq qrrqqq qrw qqr qr q> qqt qqr qrqr qr- 
"fi D q ; q"r fqqqqrqq” I 

^qq. fq % qqf qqqt ?qrFqqiq^qqr % qfqqTqqr 1 1 q?fq qrf^q 
Jr ^q% q|^ff qqrq qqqsq | fqr q^qTqq qrqrFr q^ fqfqq ^qfq qqurfqqqf 
t q>r % qTqqq qRqqq fqqrr:, q^qr, fqqqTq, qqqq qirq q?t qf^q t 
gqq tt^ 5 qr 1 qnq qJT qq qqqqtq q>TqqrqT % TTqq'fFqqr-qrqrFqqT qrq 
qqrq q ?qq?qqr Jr gq qqqr qrqq>Fqq qq it srrq 5% qqrq-qr?qqr qqr 
qFqfqiqTqTq itx qrTqtqrq qJr qisf ^ qfqf^q qRjt I qr qqsfr ^qR'Rqr 
|t qfqq Ftq'r | 1 

q*3'q qq-fqq?‘j qq q|4q TTqFrFq q"tq qqq qiqs fqqqt qr fqqqq q fr^T 
xxm FFqq qrqqr | Fq qrTcftq qrqqtfqq fq-qq qrr Ff?f Fqqr^qr^T q?q qr 
'jq’fq? wrq F^qr qr^ 1 Fq^q, Fqeq^T, fq^qqrrqq qqr qqilqq? qFcq t iq 
Fq-qq % ^q q>qf qqr qran^Fq qr qqr Fq^q qqr gfqqtfqq qTsr % qT^q 
% qqrq-T qr^ 1 qqtfqq ^Fq^rq qqr q«qf qt trqTqr qr^Fq % qfqt t qq^ f 1 ! 
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q j TT ■q’TTcft'T ’T^ftq'T tF ^STaflq- q qiqt f tr ^T=3T^7 Tq if f^?T 

FRI qTF I R r qq | Ft ^TTTcT qF qqqiq qrqrRqT qRqtfqT qq^qraft F g-qrqrq 
fRl^t SfTq T fqsfft 5fV qtHF if ift Fqq qqq | ^fir^-fWR % $Fq if qtqFq 
sfFJTrq qq Fqqr Jr fft q% q^F q?qq fqqfsr tt q|qq | i rrqr apjFfq '41 1 
qk qrcrq'q sft i 


ABSTRACT 

‘Research in Political Science on Indian Aspect 5 

The students of Political Science are generally, taught the pnmaiy 
maxim — ‘Political Science begins with the Gi eek’. But this altogether 
neglects the Indian contribution to the field of knowledge. Inchan writings 
of pre-historical pciiad have never been given due importarce in the 
narration of philosophical chronology. Theiefoie, the paper makes an 
attempt to bring foiwaid a few majir political thinkers m perspective of 
modern political institutions The paper very emphatically points the way 
Tor further reseaicli in ancient Indian political thought which is necessary 
Equipped with all the pre-requisites of modern society and the solutions of 
the problems of this complex social structure aic also inherent 
in this field. 


— Sanjeev Kumar Sharma 
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rfrh % qqq, qq ’sq % Fqq qlTq srqkqr 

ttF Ft q?[ Fq?r ttF ff qqt tF 5T qFqq 

qqrq qk, BfJcPST Jr fqqtqr kk qrFq qrF, qiFT 
bFtt qsq % qrq ^q qq qcqTf? % qiq ?q q^tq qqqfsq 
tF afK qqqF qrai tF Fr % qkq tt stF i 
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««r snrfe ^ 1 1 g*r srcftft safa tf^n w m 

^ ft ? TO* ft TO ar TO 3TTJGT Jp ft $ftf |af ^ft 1 1 

wr ft ft ‘ftft fanft $ tot nfr 1 1 "^, srfr, ft 3# vftfcr^ aftft # 
p ?)J aprc^j^ft TO^ftaft pip 

1 1 ft aft-TO-TO |, ft f ypft tf«tft ft*? 3fh flaft 3{fe fsnr 1 1 aprc 

f saft ^ vm ii mh ftsft ? a§a-ft ftft | sfr ft fti 
fwft|, 3aft pTT aftftlfppffT ?TcTl|— pi p tfj 
*™ ^t, *trt p ft uro aft $b m | ! j^rft Ai A 
^ * & ^R «ft ft jpptt aftf faa Pt |— aft aaft to to ^ 
I ft pft TOft ft- gr«r 3(# %m wto ft? anft ^ ftt i aft *i tot irr aft 
5*^ fftcf *T TO 3R ftft ITT J^rft «[fa aft TOT ftft i ^ arc ^Rft 

srift ftt pi fftft tot ?t tor fr to |, fr to | 
ft *tto p| to ft ft ^ ftforcft to antf |, ^ to ^aft 1 1 j^r fftft 
^Rft TOT ?t p ftt «ncfT 1 1 ^ fftfraa 1 1 
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EFFECT OF SOCIAL CLASS STATUS ON 
CREATIVE ABILITY OF STUDENTS 


Recent investigations hold that for centuries the common idea had been, 
that only the exceedingly rare person is genuinely creative and that creativity 
is a divine gift for a few only. This concept of creativity has been subjected 
to myriad interpretation. For many, it has long been regarded as a special 
endowment bestowed upon a veiy few, a special talent that cannot be 
induced unless the hereditary limits are not present 

Bur psychologists have been now postulating the existence within each 
individual of an essentially biologically based inner nature propelling him 
towards growth of all abilities including cieativity which they possess to 
different degrees. 

There is considerable agreement among a number of writers too that 
everyone is born with an endowment of awareness and creative attitude 
seems to have been built into the species. In the 1962 ASCD Year-Book, 
it is state : 

“Creativity is in each of all This idea is comforting in that it 

gives us a measure of hope as we work with individuals it is 
disturbing in that it points up how much we have yet to learn 
about this intangible and illusive phenomenon”, 

Creativity became an object of scientific study primarily because of the 
general interest m individual differences. This appioach recognizes that 
individuals diffei psychologically in traits or attributes that can be conceived 


Dr S M. Gupta is Reader in Department ol Education, Kurukshetia University, Kui ukshetra 
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as continua or dimensions — that there can be vaiymg degrees of a quality 
possessed by diffeient individuals. 

Educators have long been concerned with developing and nurtuung 
creativity. Perhaps what is new is the growing realization that cicative 
potential is not something confined to a gifted few only. Incieasmgly, it ls 
being lecognized that creativity is a normally distributed human potentiality. 
Evidence seems to support that no one is without creative potential, when we 
talk about creative behaviour we refer to everyman rather than to an 
uncommon man. This feeling has been corroborated by Gowan, Demos 
and Torrance (1 967) s Steinberg (1964), Guilford (1962), Passi (1971) and 
Ahuja ( 1 975) This conception has opened the door to many kinds 
of researches. 

The relationship between creativity and socio-economic and cultuial 
mileu have been very important to understand nature, nurture and 
utilisation of creativity. Development of a child is influenced by his 
genetically determined potentialities and his total environment. The natuie 
of the interaction and their modifying effects on the child are determined 
by the umpteen environmental factors. The following broad environmental 
factois may be noted for bringing up difieientiating creative abilities in 
children — (l) cultural and familial social status, (n) economic and 
educational possibilities, (iii) child real mg practices, (iv) child’s sex, 
and (v) his individual status in the family. 

These environmental factors have greatei influence on the activity of 
different sections of the students who are brought up in different localities, 
The cultural and social status, economical-educational possibilities and child 
rearing practices in the so called high caste (advantaged) and low caste 
(disadvantaged) groups are entirely different so that creative development of 
the cliildien is affected by these factors 

Oglctree and Ujliki (1973) reported a positive correlation between social 
class status and creativity. The creativity scores of the upper class were 
significantly higher than those of the middle and lower class samples (the 
only exception being figural flexibility where the differences were not 
significant). Sharma and Jarial (1980), also found a positive and satistically 
significant correlation between creativity and socio-economic status. 
However, Chadlia and Sen (1981), iepoited no significant relationship 
between creativity and socio-economic status. Straws and Straws (I960) 
making a wider cross cultural study observed six differences in American 
and Indian student population. In both societies, boys were significantly 
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inoie cieative Ilian girls They fuithei found that gaps were widei m 
Indian students than Americans 

IL has been seen that may talented pupils belong to ruial areas and 
disadvantaged groups, but because of lack ofpiopei social tecognilion, they 
aie neglected in the society. The higher educated pupils aie lestncted 
ivithin the limits of so called socially privileged classes 

The piesent study, theicfore, tiles to show cleaily if thcie is airy 
positive significant lelationship between cieativity and social class 
of pupils. 

OHILCIIVI S 

1 To study the creativity among advantaged disadvantaged senioi 

secondaiy boys and girls belonging to uiban and rural areas 

2. To find out the differences, if any, m creativity, of advaniagcd ard 

disadvantaged students. 

3 To find out the differences, if any, m creativity of students frem 

uiban and rural areas 

4. To find out the differences, if any, in tlie cieativity of boys and gills 
of senior secondary stage. 

5. To study the two factor, and three factor interactions between social 
class, locality and sex in relation to cieativity 

HYPOTHESES 

On the basis of leview of related studies, following null hypotheses 
were formulated — 

1. There will be no significant diffeiences in the cieativity of 
advantaged and disadvantaged groups of senior secondary students. 

2. Tbeie will be no significant differer.ee in the creativity of uiban 
and lural students'. 

3 There will be no significant difference in the creativity of boys ard 

girls of senior secondary stage. 

4. There will be no two factor and three factor inter-actional 

effects between sccial class, sex and locality when creativity is dependent 
vauable. 
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THE SAMPLE 

A sample of 160 XI grade students of five senior secondaiy schools of 
Kurukshetra district of Haryana, were selected by stratified random sampling 

technique. 

The sample consisted of 56 students belonging to disadvantaged secdons 
viz. scheduled caste and backward classes, while the remaining 104 students 
were from advantaged sections (high castes) of the society. Furlhei. 
90 students (60 boys and 30 gii Is) were from m ban areas and 70(44 boys 
and 26 girls) were from rural areas. 

METHOD 

Basautis Remote Associate test was used to collect the requisite data. 
It is a standaidised test and consists of 45 items Each item consists of 
three different words and the student is asked to add only one new word in 
each group which is common to three words and in combination with each 
other word makes it meaningful. An answer sheet is attached with the test 
to write the appropriate word. The test is completed in approximately one 
hour. It has one dimension, that is, fluency 

After administration of the lest to the students the response sheets wei e 
hand scored. One point was given Lo each item coriectly answered. 
The total number of correct responses were counted to get the tolal 
creativity score 

ANALYSIS OF DATA 

There was one dependent variable in the study l e. creativity and tlnee 
independent vaiiables — social class, sex and locality. Each of these three 
vaiiables had two levels each viz — 

Social class (A) — Disadvantaged (S C and B.G ) and Advantaged 
(High Castes). 

Sex (B) — Boys and Girls 

Locality (C) — Urban and Rural, 

So, (2x2x2) thiee way Analysis of variance technique was used lo 
analysed the data 

The number of students m various cells of the factonal design was not 
equal and the minimum number of students in any cell was 12.80, the 
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numbet of students in othci cells was also made equal to 12 by rejecting the 
excess numbei landomly Thus, 96 students’ creativity scores wete taken 
into cnnsidci ation foi compulation purpose 

The mean cicativity scoies of the students followed by summary of 
analysis of vaiiance are given in Tabic 1 and 2 respectively 

TABLE 1 


Mean CieativiLy Scores Students belonging to diffeient 
Social Glasses, Sex and Locality 

(N = S6) 



Advantaged 


Disadvantaged 


Boys 

Girls 


Boys 

Gills 

Urban 

27 00 

17 83 


11 75 

10 00 

Rural 

16 00 

12 33 


9 92 

8 17 



TABLE 

2 



Summaiy of Analysis of Variance on Creativity Scoies 

in 

Relation to Sucial 

Class, Sex and Locality (N=96) 


Sources of Variance df 

SS 

MS 

F-iatio Significance 






Level 

Social Glass 

(A) 1 

1507.48 

1507 48 

51.05 

p<.01 

Sex 

(B) 1 

246,57 

246 57 

8.35 

p < .01 

Locality 

(C) 1 

430.25 

430.25 

14.57 

p< .01 

A B 

1 

74 72 

74 72 

2.53 

11 S. 

A G 

1 

177.77 

177.77 

6.02 

p< 05 

B /G 

1 

36,32 

36 32 

1,23 

n.s. 

AxBxG 

1 

35,44 

35 44 

1 20 

n,s 

Within 

88 

2598 64 

29.53 

— 

— 

Total 

96 

5107.19 





n.s. — not significant at ,05 level. 
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DISCUSSION OF RESULTS 

1. F-vatio for main effect of social class vve found to be significant at 
.01 level. Ho can not be letaincd. The mean cieativity scores show that 
advantaged group students (M= 18.42) aic mote creative than disadvantaged 
students (M = 9.96). Thus, social class of the students influences then 
creative potentialities. Family status, envnonment position and child caie 
of scheduled caste and bacltwai d class students is such which hampers their 
cieative potentialities. 

2. F-iatio for main effect of sex came out to be significant at 01 level. 
Ho can not be retained. The mean cieativity scoies show that buys 
(M=16 17) are found to be moie creativity than girls (M= 12.21) It 
signifies thaL gills aic being discriminated and have less congenial environ- 
ment as compared to boys so that they find less chances of showing theii 
cieative potentialities. 

3. F-iatio for main effect of locality was found to be significant at .01 
level. Ho is i ejected The mean scores show that urban students 
(\t= 16.65) are creative than rural students (M=1173) The cultuial and 
social status, economic and educational facilities and child rearing practices 
in urban and rural aicas are entirely different. Ruial students need 
uplifiment in these facilities for development of their creative potentialities. 

4. F-ratio for two factor interactions — BxG (sex x locality), AxB 
(social classXsex), and tiiple interaction AxBx C (social class x sex locality) 
were not found to be significant. Howevei A xC (social class x locality) 
mlei action was found to be significant at .05 level. It shows that diffeiences 
in cieativity of students of different social classes were not of the same foim 
foi different levels of locality It means that the differences in creativity of 
advantaged and disadvantaged students depended upon the locality to which 
they belonged The mean cieativity scoies show's that upper caste students 
beloging to urban areas are most creative (M= 22.42), while scheduled 
caste and backwaid class students belonging to rural aicas are least creative 
(M=9 05), It signifies that ruial students belonging to scheduled caste 
and backward classes ai e most disenmmated and find least congenial 
environment and social status which hinder the development of then 
creative abilities 

To conclude, scheduled caste and backward class students, girls, and 
students from rural areas lack cieative abilities in comparison to their 
counterparts from high castes, boys, and urban students. Their social status, 
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envnonmental conditions, child rearing practices and methods of teaching 
must be improved to assist them in developing then creative potentialities. 
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tfRTCT 

famfazfr f?«rfcr 

Er>£r?TT srw 

c 

qrgg gfr&r 751 4 ?t fsr^TfKrjfT ¥V ftqf?r aft? 

tfrtqcrr Jr srr ?rrg ^fr-tt 1 1 g*rrra- ? Tim % ©-r stTt facr 
quft % ©RT g ©RRT gft R3RRR tfrurai © 3TRR, trg ^RTfgq 
*3 oft, fftg g fggRRRg gg ©ggTRg' gngen gg a^grR swig grr aRggg Fggr 

ggT | I 

Rrfgg gTgft-R gfggg© fgfft gRT (^iRgRTT gFcf) fgg % «. 

gf-Rs gTKgfggr fa^mirr gft trgggw ^srr ft it ° fgurgf gft gn; i ?gft ft x\ 
fft*g ^aft (sr^fftg ^TTfer affa; ftnsift ^nfr % ft, tsr^-fap gmifftg; ft®ft 

ft ft i gg<tg ft \° (\° ©r g v ©rent?;) ggT gRfror fftg ft tso (w 
©rer g ©Tgg?) fgsngT w gfftgq if gft gt( i gRr fgfftg ''rxtst 

^T^RTRT TVRor’ gRT gg gg?or f%t( gq 1 

arsirgg ft eft© fgrsftg gT-gmfftpFT fftgrcr mg g fftg ft Fgggr 

gRg gggTRR gfttggT TT ftm gg| I f^ ( = X ^ X \ ) g^Rg fglftgor 

fgfft ITTT gfft giT fgifftqoT f%RT ggT 1 

fgRR I?r SPFTC I — 

3. tfPTTfbpTT R“fr g© gggTRTgT ifrRgr ©T gRTg *TT«rg> 3R1 I ftftr 

% fgmfggft if RRRT^RRt ©TRgT fft*© *goft % fftgnfggft ft aifagr 

TTt gf 1 

^ ffcPT g© ©TTTg TRTgTRgT gRggT gg ^TRT I ©ra T3TT ^ aj^r 

BTsff ir qfcrar 3Tf£rgt gif gf i 

’ (Rgr© ¥3r©TciTg? iftRgT gT STT^TT I g*Rk 

ftrsiT*ff gRff°r ^?r % fwfw giT - 33 ^^tt arfErgr i 

V ' tfPTTfapF ^ofl- fggr© ?8TR gtr STRpg ST^TR 3[RT I ?TR 

|311 fgT g fg^sg % fqgrPrg'T qfl qqgTRgt jfTRcTT ^ 3RTT 
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fqqTq TT fqqT ^FTTcTT | I qqftq qq % q=sq iqnft % 
fa?TPff qqTfqq qqqiTqq q# qq, qqfq qiqtq !qq % fq*q ^oft % 
fqqrqf qqq qnr qqqrcqq t i 

sq qqR TRTjq qsqqq ^ sTTq gqr fq fqiq qTqTfqq qqt % fqqmt, 
nrntq % fasinff ^q srarcf sr?q qqf qt qteqT qq qqqicqq | i qqqt 
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DROPOUT & SCHOOL ; AN OVERVIEW 

Education is the key for the progress of a nation. It makes natural 
development of child’s innate powers Whatever mankind has achieved in 
various domain of progress, in one way or the other, is related to the educative 
piocess After independence, not only the necessary provisions were made 
in the constitution but attempts aie being made to make education available 
to every educable citizen urcspectivc of caste, creed, religion and sex. 

Huge amounts of funds are being spent by the govt on the spread of 
literacy all over India. Parents admit their children to the primai y classes 
with great enthusiasm, but strangely many students leave the school befoie 
completing the required course Thus, problem of dropout is still veiy 
serious and alarming even after applying several measures by the govt, as 
recommended by various commissions and committees from time to time. 
Researches have also made efforts to know the causes of dropout related to 
school and also the measuies to reduce the drop'out. Here an effort has 
been made to review the causes of dropout related to school and other corre- 
lated factors. 

It seems paradoxical that for educational advancement, we are introduc- 
ing various kinds of innovations in teaching-learning process, whereas on the 
other hand, the most disturbing problem — school dropout, is not reducing 
to the considerable extent. In Indian context, the problem of wastage and 
stagnation was highlighted for the first time by the Hartog Committee in 
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1928. The firs tevcr, study of this problem seems to have been undertaken 
m 1940 by the Bombay Provincial Board of Pnmai y Education in erstwhile 
Bombay Province. Since then, several studies were conducted by seveial 
institutions and individuals for identifying the extent and causes of wastage 
and stagnation and suggested remedial measures. The overview of lesearch 
findings reveals thaL a number of variables related to the school machanism 
had influenced the diopout phenomenon significantly. 

1. SCHOOL PHYSICAL FACILITIES 

Das (1974) conducted a study to ascertain whether there was any 
impact of the infrastructural facilities of the primaiy schools on the 
retentivity and regular educational progress of its childien. The study 
revealed a significant relationship between efficiency m education and 
physical facilities in school A National workshop and Symposium on Nan- 
Formal Education for school dropouts and youth (the age group 6-14) 1975; 
concluded that lack of adjustment to school and lack of facilities aie important 
leasons to dropout. Bose and Mukherjee (1971) also reported similar 
findings. Barua (1971) identified bad physical conditions of school, ovei- 
crowded class room, lack of teaching aids also as causes of dropout. On the 
othei hand, Srivastava and Gupta (1980) found that theie was no significant 
relationship between school facilities and non-attendance. Further Sn 
Avmashlingum (1970) concluded that the paients of his sample (school going 
girls and dropout girls) expressed dissatisfaction towards the prevailing school 
conditions which repel children for studying m such schools 

2 - DISTANCE OF SCHOOL 

Longer distance between home and school also enhance the dropout rate 
(Srivastava and Gupta 1980). Manuel et. al. (1960) observed that the 
distance of school from home in rural areas was a handicap and a positive 
significant relationship was found between the nearness of school and 
achievement in English. Similarly, Goel (1968) concluded that non-pio- 
vision of schools at more places is a significant determinant of dropout 
Further, Shastri (1977) revealed that because of rugged terrain and large 
number of smaller villages, the number of schools at the primary level are 
greater in Kaumun as compared to the Uttar Tradesh aggregate, but even 
then incidence of rural dropout was very high. Because the school being 
too for away and conveyence facilities were also not available to the students, 
resulted in higher dropping out (Rebello 1978). Further, Shah ( 1992 ) and 
Asthana (1993) found that diopout students reported that due to problems 
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iu reaching their schools because of longer distances between home and 
school, they were compelled to discontinue their education. 

3 , TEACHER 

Teacher is one of the significant variable foi school diopout (Pillam 1977, 
Asthana 1993). Rough and unsympathetic behavioui of teachers enhance 
the dropout rate (Barua 1971). Similarly, Srivastava and Gupta (1980) 
concluded that discouraging attitude of teachers resulted m dropping out 
Bose and Mukherjee (1971) observed that stagnation in collegiate education 
was due to dearth of competent teachers and their inadequate attention to 
sLudents. Wheieas, in Karnataka the rate of wastage was positively' related 
to pupil — teacher ratio (Kashinath 1980). In single teachei schools, a higher 
diopout rate was obtained by Baiua (1971) Sitmlaily, Hussain (1982) 
ieported that mostly single school teachers had to teach the students of 
classes 1st to Vth altogatlier and due to providing inadequate attention to the 
students of each class resulted into higher wastage and stagnation. Whereas. 
Reilly (1976) found that the parents of his sample felt that the teachei- 
counsellor were not free to talk over problems Teacher-Counsellor’s loss 
of interest was found as a significant reason for dropping out Contraiy to 
it, Rath and Mishia (1974) concluded that scheduled caste students did not 
feci neglected by theii teachei s 

4 METHOD OF TEACHING 

Regarding methods of teaching Alvi (1965) reported that ineffective 
methods of teaching caused dropout. Whereas, Joshi (1978) in his study 
“Expansion of Ungraded Unit Teaching System : Evaluation and Results” 
found that the use of new methods had practically no effect in solving the 
problem of wastage and stagnation in rural and urban schools. 

In biief, it can be summed up that teacher and teaching methods also 
have significant role in continuity or discontinuity of studies by the students 

5 CURRICULUM 

Study conducted by SIE (1969) concluded that educational system was 
not according to the needs of the society. Similarly Srivastava and Gupta 
(1980) aril ved at similar findings that tl e education was not related to life 
and the dull cuiriculum caused children to dropout. Similar results were 
reported by Masavi (1976) and Rebello (1978). Further Shah (1983) 
observed that too heavy curnculuni forced pupils to leave the school. Later 
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Shah (1991) and Astbana (1993) found that uninterested contents and curri 
culum forced the children to discontinue their studies, Thus the courses 
are also identified as an effective determinant of di opping out phenomenon 

6 DIFFICULT SUBJECTS &l FAILURE IN EXAMINATION 

Adiseshiah and Ramanathan (1974) in a study of educational problems of 
scheduled caste and scheduled tribes found that SC & ST students put 3-4 
hours extra, study even then they find it difficult to follow the curriculum. 
Whereas, Kamat and Deshmukh (1963) studie wastage among college 
students. They noticed that 40 % of the wastage was found m case of Science 
stream students. English was identified as a subject in which nearly 70% or 
the students failed Bokil (1963a) also noticed that failures weie m English 
A study conducted by DEPSE (1964) concluded that largest number of 
failures were in English and Maths. Whereas, CCPI Allahabad (1964) 
arrived at the conclusion that performance in English, Maths, Science and 
Civics weie found responsible for higher incidence of failure. 

Further, Gangopadhyoya (1985) determined the extent of wastage and 
stagnation at secondary school level among boys and girls in Udaipur 
(Rajasthan) and m Libera The main cause for wastage and stagnation was 
apathy towards English and disliking for Maths. Majority of the students 
dropped out due to failure in Maths (Patel and Dewan 1981), Asthana 
(1992) reported that dropout students of her sample identified Maths. 
English, Science and Social studies as the subjects in which they usually 
failed. Consistent findings were obtained in case of tribal students (Shah 
1992, Lakhera 1986). Further, Devi (1983) levealed that repeated failuies 
m examination were causing dropout. Asthana (1993) also arrived at the 
conclusion that adjustment with examination is a prominent determinant of 
dropping out. Phadke and Shukla (1983) reported that as compared to 
commerce stream, the dropout rate was found higher among the students of 
Arts stream. 

7. TIME TABLE, HOME WORK. & TUITION FACILITY 

Mathur et. al. (1982) focussed on dropouts analysed that inconvenient 
time table was responsible for usual absence in the schools as well as for the 
withdrawl of the students from the school. Further, Pratap and others (1971) 
observed that highest absenteism was observed in January, February, April 
and October. This is related with the time of agricultural operations. The 
govt, schools showed the highest wastage. Further, Sujatha (1980) also 
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arrived at the similar findings that there was sharp fall m attendance duiing 
agi icultural and rainy seasons. Wheieas, Asthana (1993) rcpoited that 
school time table can not be considered as a cause or dropout. Shah (1992) 
on the basis of the opinion of students and parents has suggested most 
convenient timings as 7 am to 12 30 p.m. and 10 am. to 4 p.m for summer 
and winter seasons respectively. 

In connection with completing homework, Raj Gopalan (1974) revealed 
that domestic woilc created a problem for the children and created a 
hindi ance for the children m doing their homework. The dropout students 
leported more problems with the homework. Asthana (1993), Shah 
(1992), Lakhera (1955) also reported that due to poor educational 
background and lack of encouragement from parents, usually students did 
not complete their homework. Tear of punishment by the teacher 
and humilation by the classmates, were found as the important causes for 
leaving the school. 

Regarding Lution facilities, Lakhera (1985) concluded that the 
extracoaching in school will definetely be helpful for raising the academic 
achievement of the tribal students Thus rates of wastage and dropout may 
be reduced It is again confirmed by Shah (1992) m hei study ‘Educational 
Problems of Tribal Students’. 

a MIDDAY MEALS, SCHOLARSHIP, PRE-PRIMARY EDUCATION 

In Karnataka, CARE (1977) had undertaken the mid day meal scheme 
It was found that the mean percentage of attendance increased Absenteism 
not only decreased but the mid day meal piogiamme produced stability m 
attendance. Midday meal programme had become a boon to the poor 
children (Achaiya 1984). A study conducted by NIEPA (1979) levealed 
that midday meals, text-books, fiee uniforms, scholarships were the major 
incentives provided to the students but as they weie not provided timely, 
therefore, their impact on retention of the students in schools decreased. 

Regarding scholarships, Turner (1927) Feingold (1928) and Burton 
(1945) found a direct relationship between scholarship and attendance in 
class. Chandrashekharan (1978) reported that 88% of the headmasters 
confirmed that the attendance scholarship scheme for girls, though 
limited to a few, had let to the improvement of attendance among 
girls in the schools. 

Further, Pre-primary education should be encouraged as one 
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of the remedies to deal with the pioblcms of wastage and stagnation 
(Dass & Garg, 1985), 

Thus, the incentives like middy meals, scholarship facility etc may 
reduce the dropout rate Pre-primary education can enhance the retention 
rate of children 

CONCLUSION 

Thus, the foregoing discussion reveals that a number of variables related 
to school are assessed as significant pro-predictors of dropout The dropout 
problem can be minimized if the facilitating schemes like midday meals, 
scholarships, books, school uniforms etc. are introduced effectively and 
timely. Improvement in school hours and activities are also demand of 
the time. The real educational challenge is for the school to make itself 
relevant and meaningful and, m the pjocess, to educate truely. 
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STARTING POINT 


The starting point of Educational leform must be the 1 clinking of the 
school to life and restating of the intimate relationship between them which 
has been broken down with the development of formal tradition of Education. 
We would like the school to become a centre of actual Social Life and social 
activities where the same kind of motives and methods are employed as 
operate iu the life of any normal and decent human gioup. 

— Repoit of the Secondary Education Commission 
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VECTOR AND TENSOR ANALYSIS 


[Sec 68 


Problems 

1 Prove (237) 

2 Solve V 2 F = 0 for rectangular coordinates by the method 
of Sec 67, assuming V = X(x)Y(y)Z(z). 

3 Investigate the solution of V ! 7 = 0 m cylindrical coordi- 
nates 

68. Applications 

Example 84 A dielectric sphere of radius a is placed m a uni- 
form field Eo = Aok. We calculate the field inside the sphere 
The potential due to the uniform field is <p — — E<jZ = — E a r cos 8 
There will be an additional potential due to the presence of the 
dielectric sphere Assume it to be of the form ArP x = Ar cos 6 
inside the sphere and Br~*P i = Br -2 cos 9 outside the spheie 
We cannot have a term of the type Cr~ 2 cos 6 inside the sphere, 
for at the origin we would have an infinite field caused by the 
presence of the dielectric Similarly, if a term of the type 
Dr cos 9 occurred outside the sphere, we would have an infinite 
field at infinity due to the presence of the sphere If we let F x 
be the potential inside and F n the potential outside the sphere, we 
have 

Vi = — E 0 r cos 8 -f- Ar cos 6 

Fn = —Bor cos 6 + — cos 0 (243) 

r 2 


Notice that F x and Fn are special cases of (241) We have two 
unknown constants, A, B, and two boundary conditions, 


Ds , = Dk, 


Fi = Fn at r = a 

dVj 5F„ 

or k at r — a 

dr dr 


(244) 


(see Sec. 62), From (243) and (244) we obtain 


. k — 1 

“ ;+ 2 Si 




so that 


3 3 

Fi = — • — — E 0 r cos 8 — E& 


k -f- 2 


K+ 2 


(245) 
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E = -V7 t = — f-E 0 

K + Z 

and E is uniform of intensity less than E 0 since k > 1. Outside 
the sphere 

_ t - 1 u* 

7n = -E 0 r cos Q H — — E 0 cos d (246) 

* + 2 r 2 v ' 


The radial field outside the sphere is given by 


E r = 


dVn 

dr 


= E o cos 6 -f- 2 


k — 1 a 3 i?o 
k + 2 r 3 


cos 6 


For a given r the maximum E r 
Example 85 A conduct- 
ing sphere of radius a and 
charge Q is surrounded by a 
spherical dielectric layer up 
to r = b (Fig 65) Let us 
calculate the potential dis- 
tribution From spherical 
symmetry V = V(r), so that 
we try 



r 


7 „ = - + a 

r 

The boundary conditions are 


is found at 9 = 0. 



(>) 

(n) 

(in) 


V) = V n at r = b 
dVi dV n 

dr dr 


■at r = b 


1 f f t- 1 f£ f 2ir f i / dVir\ 

Q= ijl D>d<i= -i;/o Jo [~ d T)r^ SmddddV 


From (i) A/b = {B/b) + C, from (n) -A/6 2 = - k B/ 6 2 ; from 
(m) Q = (K/i7r)(B/a 2 )j jdS = kB Hence 
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Fi = — j 7n"- + f ; “ (247) 

r kt b K 

Example 86. A conducting sphere of radius a and charge Q is 
placed m a uniform field We calculate the potential and the 
distribution of charge on the sphere We assume a solution 


V — —E 0 r cos 6 d — 

T 


The boundary condition is 

„ Iff dV 

Q ~ 4ir IJ dr . 


so that 


= — f 2t f* ( Eo cos 6 + — „ ] a 2 sin 6 dO dtp = B 
Av J° J a \ a 2 / 


V - —E 0 r cos 6 -f — 
r 

For the charge distribution 


U = i( / 

4tt V 


Eo cos 6 H- 


Example 87 Consider a charge q placed at A(b, 0, 0) Let 
us compute the potential at any point P(r, 6, <p) (see Fig 66) 
The potential at P is 

V = - = q(r l + b 1 — 2r& cos 6 )~ J 
$ 

There are two cases to consider. 

(a) r < b Let p = cos 6, x = r/b, so that 


V = \ (1 - 2nx + xT* 
b 

Now (1 — 2 px + x 2 ) -1 can be expanded in a Maclaurin series m 
powers of x, yielding 
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v -ll. *«*■-!! am (|Y 


( 248 ) 


The proof is omitted here that the P„(m) are actually the Legendre 
polynomials However, we might expect this, since V satisfies 
Laplace’s equation and P n (n)r n is a solution of V 2 F = 0. 


z 



(b) r > b 


In this case 



( 249 ) 


Notice that each term is of the form P n {n)r~ n ~ l , which satisfies 
Laplace’s equation 

Example 88 A point charge +q is placed at a distance 6 
from the center of two concentric, earthed, conducting spheres 
of radii a and c, a < b < c We find the potential at a point P 
for a < r < b 

oO 

For r > b, V = ( q/r ) £ (6/r) n P n (cos 6) due to the charge q , 
o 

CO 

and for r <b } V = ( q/b ) ^ (r/&)"P rt (eos 8) Moreover, we have 

o 
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an induced potential of the form 

to 

V = q ^ (A«r» + B n r—')P n (cos 6) (250) 

o 


due to the spheres, the A„ and B„ undetermined as yet 

b 

7i = l^» r " + (-B" + b n )r~ n-1 ]P„( cos 0) 

u 

b, 

y 2 = [(A* + b-»- 1 )r n + B n r- n ~ 1 ]P n ( cos 6) 

o 

The boundary conditions are 

(l) Vi = 0 at r = c 

(n) y 2 = 0 at r = a 

These yield the equations 

(i) A„c n + (B„ + = 0 

(u) (A n + b~ n ~ l )a" + B„a~ n ~ 1 = 0 

so that 



which is 
Hence 

For r > 

For r < 


a 2„+l ( C 2n+1 _ &2n+l) 

b* +1 (a 2n+1 - c 2 »+~)’ 

A„ + b -Cn+1> 


Hence 


b _ ” -1 (c 2 ” +1 — b 2 ” +1 ) 
a 2 ™-*- 1 — c 2,,+1 


X b 2 "+ 1 - c 2n+1 ( a 2n+1 \ 

n=ob n + l (a2 n + l _>+!)(;" - 7^) P " (C0S 0) 


a 2n+1 \ 


(253) 


Problems 

1 Show that the force acting on the sphere of Example 86 is 
F = iQE ok. 

2 A charge q is placed at a distance c from the center of a 
spherical hollow of radius a in an infinite dielectric of constant k 
Show that the force acting on the charge is 
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2n+l 


3 A point charge q is placed a distance c from the center of an 
earthed conducting sphere of radius a, on which a dielectric 
layer of outer radius b and constant k exists Show that the 
potential of this layer is 

q A (2n + l)6 2 " +, (r" - a 2 "+'r— l ) 

V = c n 4c"([(«+ !)n+ i]6 2 "+ 1 + ( , i+ 1 )(ic- 1 )a 2 »+ 1 }‘ Pn(COSe) 

4 Show that the potential inside a dielectric shell of internal 
and external radii a and b, placed in a uniform field of strength E, 
is 

9 kE 

V = 9k - 2(1 - * 2 )[(&/a) a -Tj r C ° S 9 

5 The walls of an earthed rectangular conducting tube of 
infinite length are given by x — 0, x = a, y = 0, y = 6 A point 
charge is placed at x = x<> ,y — yo, z = z 0 inside the tube Show 
that the potential is given by 

oo ce 

V = Sq £ V (m 2 a 2 + n i b , )~ i e ~ a ~' b ~' lmia ' +n ' b ‘ )ir sm — 

m rx miryo miry 
sin — sm — ; — sm — - 
abb 

69. Integration of Poisson’s Equation. Instead of assuming 
that <p is harmonic, let us consider that ip satisfies VV = — 4irp 
By applying Green’s formula as in Sec 66, we immediately obtain 

” (P) = // ! - r dT + fj - *> v r -) ■*» ( 254 ) 

If we make the further assumption that <p is of the order of 1 /r 
for large r and that |vp] ~ 1/r 2 , we see that by pushing & out to 
infinity the surface integral will tend to zero Our assumption is 
valid, for if we assume the chaige distribution to be bounded by 
some sphere, then at large distances the potential will be of the 
order of 1/r, since we may consider all the charges as essentially 


(, k — l)g 2 s? n(n + 1) /c\ 

c 2 Jd 0 n jc(n + 1) \a/ 
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concentrated at a point. Thus 


-///;* 

ca 


(255) 


70. Decomposition of a Vector into the Sum of Solenoidal and 
Irrotational Vectors. In Example 70, we saw that if |f[ tends to 
zero like 1 r 2 as r — > a> , then f as uniquely determined by its 
curl and divergence 

We now proceed to write f as the sum of irrotational and 
solenoidal vectors. Let 

w < p >-///t (256) 

where r is the distance from P to the element of integration dr 
If we write f = /ii + / 2 J +fsk> W = W u + W e j + W 3 k, then 

W 2 = j 1 1 ~dr (257) 

» ^ 


We assume that the components of f are such that the integrals 
of (257) converge and that |Wj ~ 1 /r, |vJF n | ~ l/r s , n = 1, 2, 3 
From Sec. 69, V 2 W„ = — 4ir/„, so that 

V 2 W = -4irf (258) 

From (256) 

v - W — /// I'd* 

(259) 

V x W = / / /f x V - dr 

Now 

V x (V x W) = V(V • W) - V 2 W 
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so that 

f = J- v x (V x W) - V(V • W) 

4TT 4lT 

and hence 

f = V x A + V<p (260) 

where 

A = y- V x W, #» = - 7 - V • W 
4ir 4ir 

Problems 

1 Show that (256) is a special case of (254) 

2. Find an expression for <p(P) if VV = —4 rp inside S and if 
P is on the surface S. 

3. f = yzi + xzj + (xy — xz) k. Express f as the sum of an 
irrotational and a solenoidal vector 

71. Dipoles. Let us consider two neighboring charges — q and 
-pq situated at P(x, y, z ) and Q(x + dx, y, z) The potential at 
the origin 0(0, 0, 0) due to — q is —q/r, and that due to +7 is 
q/(r + dr), where r = (x 2 + y 2 + z 2 )* and 

r + dr = [(3 + dx) 2 -f y 2 + z 2 ]* 

The potential at 0(0, 0, 0) due to both charges is 

ip = — — dr 

r + dr r r 1 

Now dr = xdx/r, so that <p ~ qxdx/r 3 If we now let q-* » 
and dx — * 0 m such a way that q dx remains finite, we have formed 
what is known as a dipole Let r be the position vector from the 
origin to the dipole, and let M = q dr, where dr is the vector from 
the negative charge to the positive charge, |dr| = dx We have 
(M ■ r)/r 3 = (qr • dr)/r z = (qx dx)/r z , so that 


M-r 



( 261 ) 


M is called the strength or moment of the dipole. For more 
than one dipole, the potential at a point P is given by 
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V (M,T,) 



where r, is the vector from P to the dipole having strength M,. 

Example 89 The field strength due to a dipole is E = -Vp 
so that 



Example 90 Potential energy of a dipole in a field of potential $ 
Let <pi be the potential at the charge q and (pi the potential at 
the charge — q The energy of the dipole is 

d<p d<p 

W = ipiq + <Pi(—q) = ?Oi - <pi) = q — ds = M ~ 

ds ds 

where ds is the distance between the charges Now 
dtp — ds Vp 
3s 

so that W — M — V<p = M • V<p 
ds 

72. Electric Polarization. Let us con&idei a volume filled 
with dipoles The potential due to any single dipole is given by 
(261) If we let P be the dipole moment per unit volume, that is, 
P = lim (AM /At), then the total potential due to the dipoles is 

At — *0 

»-///ir* (Ml 

R 1 

Now V • (P/r) = (l/r)V • P — [(P • r)/r 3 ] The reason that we 
have taken V(l/r) = r/r 3 instead of — r/r 3 is that 

r = K? - z ) 2 +(v~ vY + (f - *) 2 ]* 

and V performs the differentiations with respect to x, y, z, the 
coordinates of the point P at which p is being evaluated The 
coordinates £, tj, £ belong to the region R and are the variables of 
integration, and r = (f - r)i + (77 - y)j + (f — z)k. Hence 
(263) becomes 

/// V ~ fff^ dT 

" R 
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C ' E> 


V • P 


dr 


(264) 


by applying the divergence theorem 
Example 91 Let us find the electric intensity at the center 
of a uniformly polarized sphere Here P = Pok, so that V • P = 0 
inside R Hence (264) becomes 


<p{x,y,z) = // r T— 


Pok • dd 


and 


E 


= -// 


[(« - *> 2 + (i» — yy + (r - *)*]* 


P 0 (k • d< 5 )[(£ - z)i + (17 - y)j + (f - z)k] 


[(? ~ a;) 2 + (n ~ yY + (f - z) 2 ] 8 
E(0, 0, 0) / /(JL+ ’ll + Wit • do) 


<¥ + r + f 2 ) 


2\S 


(265) 


Now for points on the spheie, 


¥ + Y + T 2 = a 2 , 


and letting £ = a sin 0 cos <p, ij = a sin 8 sin <p, f = a cos 0, it 
is easily seen that (265) reduces to 

E(0, 0, 0) = -IxPok (266) 

E is independent of the radius of the sphere By superimposing 
(concentrically) a sphere with an equal but negative polariza- 
tion, we see that the field at the center of a uniformly polanzed 
shell is zero. 

Problems 

1 Prove (262) 

2 Prove (266) 

3 If Mi and M 2 are the vectoi moments of two dipoles at A 
and B , and if r is the vector from A to B, show that the energy 
of the system is W = Mi M 2 i - 3 — 3(Mi • r)(M 2 • r)r~ 6 

4 The dipole-moment density is given by P = r over a sphere 
of radius a Calculate the field at the center of the sphere 
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73. Magnetostatics. The same laws that have held for elec- 
trostatics are true for magnetostatics with the exception that 
VVm = 0 always, since we cannot isolate a magnetic charge 
We make the following correspondences, since all the laws of 
electrostatics were derived on the assumption of the inverse- 
square force law, which applies equally well for stationary 
magnets. 


Electrostatics Magnetostatics 

E< >H 

q * 4 (?m 

D < » B (magnetic induction) 

k < » fi (permeability) (267) 

D = kE < * B = aH 

io = 4E • D * w m = • B 

V • D = 4tp « » V • B = 0 


74. Solid Angle. Let r be the position vector from a point P 
to a surface of area dS and unit normal N, that 
is, d6 = N dS We define the solid angle sub- 
tended at P by the surface dS to be (see Fig 
67) 

r • dd 
ciS2 = — — 



Fig 67 


The total solid angle of a surface is 


£2 = 



(268) 


Example 92 Let £ be a sphere and P the origin so that 
0(P) = / / ^ dS = 4t 

Example 93 The magnetic dipole is the exact analogue of the 
electric dipole We consider a magnetic shell, that is, a thin 
sheet magnetized uniformly in a direction noimal to its surface 
(Fig 68) Let [3 be the magnetic moment per unit area and 
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r-M 


dS 



pa 


Now let P and Q be opposite points on 
the negative and positive sides of the 
surface S We have 


<f{Q) = — d(4ir - 0) 

so that the work done m taking a unit 
positive pole from a point P on the nega- 
tive side of the shell to a point Q on the 
positive side of the shell is given by 



W = Jp H' dr = — fpVvdr = *(P) - <p(Q) 
= pa + /3(4 tt - 0) 


W — 4ir/S 


(269) 


76. Moving Charges, or Currents. If two conductors at differ- 
ent potentials are joined togethei by a metal wire, it is found that 
certain phenomena occur (heating of the wire, magnetic field), so 
that one is led to believe that a flow of charge is taking place 
Let v be the velocity of the chaige and p the density of charge 
We define current density by j = pv The total charge passing 
through a surface per unit time is given by 


//pvdd= //j 




Now the total charge inside a closed surface SisQ = // / P^ T 

J R 

If there are no sources or sinks inside S, then the loss of charge 


dQ f f f dp 
per umt time is given by — ~ ~ ~ \ \ \ ~r dr Thus 

at 1 J J at 


dp 



dp 

dt 


dr 
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Applying the divergence theorem, we have 


dp 

V • (pv) + T7 = 0 
at 

v. J + ^ = o 

J dt 


Equations (270) are the statement of conservation of electric 
charge We define a steady state as one for which p is independ- 
dp 

ent of the tune, — - = 0, which implies V • j = 0 
dt 

It has been found by experiment that if E is the electric field, 
then 

j = XE = -X Vy> (271) 

where X is the conductivity of the metal This is Ohm’s law 

3 

For the general case, j„ = £ X a pEg, and the simplest case, 

0 = 1 

X = constant, so that V 2 <p = 0 for the steady state 

We now compute the work done on a charge q as it moves 
from a point of potential <pi to one of potential <pi > <pi The 
energy at <p\ is q<pi and at <pi is gy> 2 The loss in energy is 

W = (<pi — <pz)q 

This loss in electrical energy does not go into mechanical energy, 
since the floss is assumed steady lienee the electrical energy 
is converted into heat, Q = (y>i — <p 2 )q The power loss is 
(IQ dq 

T = — = (ipi — (pi) — , and since <pi — <pi = RJ (another form 
of Ohm’s law, where R is resistance and J current), we have 

P = RJ 2 (272) 


76. Magnetic Effect of Currents (Oersted). Experiments 
show that electric currents produce magnetic fields The 
mathematical expression for the magnetic field is given by 

Jr x dr 


( 273 ) 
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where r is the vector from the point P, P is the point at which we 
calculate the magnetic field dH due to the line current J in that 
portion of the wire dr, and e 
is a constant, the ratio of the 
electrostatic to the electro- 
magnetic unit of charge (see 
Fig 69) Biot and Savart 
established this law for 
straight-line currents 
For a closed path 


H = tf) — 1* (274) 

cr A 



Now r = [(£ — x) 2 + (v ~ vY + (f — z) 2 ]*, and V(l/r) = r/r 3 , 

where V = l — + j - — b k — Hence 
dx dy dz 

H = -SjV~xdi^-(f)V x( — dr) 

cJ r c J \r / 

since V does not operate on dr and J is a constant Thus 
H = V x A, where A = (1/c) j) J dr/r = (1/c) /// J dr/r is 

oo 

integrated over all space containing currents 
Now V • A = Ifh ' (j/r) dr = J j (j/r) • dd, so that if all 

R S 

currents lie within a given sphere, we may push the boundary 
of R to infinity, since nothing new will be added to the integral 
yielding A. But when N is expanded to a great distance, j = 0 
on S, so that that V • A = 0 Also 

V x H = V x (V x A) = V(V • A) — V 2 A 
so that V x H = — V 2 A. Now since A = (1/c) III j dr/r, or 

oO 

A, = (1/c) III j x dr/r, A y = (1/c) III j v dr/r, 
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we have from Sec 69 that V 2 A = — (4x/c)j. Thus 


V 



(275) 


Example 94 The work done m taking a unit magnetic pole 
around a closed path T in a magnetic field due to electric currents 
is 


W 


= <j)K- dr = f I V x H • dd = -y | J j 


dd 


For an electric current J m a wire that loops T, we have 




c 


(276) 


Example 95. The magnetic field at a point P, r units away 
from an infinite straight-line wire carrying a cuirent J, is obtained 
by use of Example 94 

<£ H ■ dr = H(2vr) ——J so that H = — 

J c cr 


Example 96 We compute the dimensions of cly/Tp. Now 
/« = QeqJM*, and j m = q m q m '/pr 2 so that 


and 


From (276), 


so that 


wm _ fop _ [g*p 
[2? M[Lp MW 2 

[J] = [dq,/dt] = _foj_ = [MjW 

[c] [c] [c][T] [c][T]> 


Work 
Unit pole 



dr = 


4x 

c 


J 


[MIL? [/] 

MA* = [c) 
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yielding 


[M]\L j| = 

mw* H[zt 

f— 1 = 

L-v/me- - T . 


We see that c/Vm* has the dimensions of speed We shall soon 
see the significance of this 



Pig 70 

77. Mutual Induction and Action of Two Circuits. Consider 
two closed circuits with currents J x and (Fig 70) The 
magnetic field at 0 due to Ji is Hi = V x Ai where 

4 _ ll f §1 

1 ~ c JO r 

We define the mutual inductance of the two circuits as the mag- 
netic flux through the surface B due to a unit current in (1) 
This is 

M = J I Hi • dd = j f V x Ai • d6 

■ /l ‘ " c hi (/<>i t) ' *■ 


Hence 


c Imii 


dr x • dr 2 


The current element ./ 2 dr 2 sets up a magnetic field, so that 
from Newton’s third law of action and reaction, any magnetic 
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field will act on J i dr 2 with an equal and opposite force Thus 
di = Ji dr 2 x Hj = — ~ 2 ^ J (1) dh xV-j x dr 2 (278) 
and integrating over (2) we obtain 

f= ~L drix L v l ydii 

Now 

dr 2 x - x dri^ = V — (dri • dr 2 ) — ^dr 2 • V dii 
and f [dr 2 ■ V(l/r)] dh = f (2] d(l/r) dh = 0, so that 

f = — LL( V -)(*!• *0 (279) 


This is the force of loop (1) on loop (2) It is equal and 
opposite to the force of loop (2) on loop (1), this being immedi- 
ately deducible from (279) when we keep m mind that 



r 2 i 7-12 


In (279), r = r 2 i 

Exam-pie 97 We find the force per unit length between two 
long straight parallel wires carrying currents Ji and J 2 We use 
(278) and the result of Example 95 We have Hi = (2/i/cd)i 
at right angles to the plane containing the wires Hence 

u t 7 2 J i . 2J i J 2 

df = Ji dr 2 x — r i = — — dr 2 x l 
cd cd 

and the force per unit length is F = 2J\Ji/cd If the currents 
are parallel, F is an attractive force, if the currents are opposite, 
F is a repulsive force 

Problems 

1. From (278) show that f = / 2 j J dd 2 x (V x Hi). 

s 

2. Find the force between an infinite straight-line wire carrying 
a current J i and a square loop of side a with current Jt, the 
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extended plane of the loop containing the straight-lme wire, and 
the shortest distance from the wire to the loop being d 

3 A current J flows around a circle of radius a, and a current 
J' flows in a very long straight wire in the same plane Show 
that the mutual attraction is 4rJJ' /c(sec a — 1), where 2a is 
the angle subtended by the circle at the nearest point of the 
straight wire 

4 Show that A = (J/c) I I dd x V(1 /r) for a current J in a 

s 

closed loop bounding the area S For a small circular loop, show 
that A = (M x r/r 3 ), where r is very much larger than the radius 
of the loop and is the vector to the center of the circle, and where 


78. Law of Induction (Faraday). It has been found by experi- 
ment that a changing magnetic field produces an electromotive 
force in a circuit If B is the magnetic inductance, the flux 
through a surface S with boundary curve T is given by / / B • dd. 

The law of induction states that 

— - — [[ B • da = & E • dr 
c dt J J J r 

Applying Stokes’s theorem, we have 


1 3B 

- “ — = v *E 

C dt 


(280) 


The time rate of change of magnetic inductance is proportional 
to the cuil of the electric field Equation (280) is a generaliza- 
tion of V x E = 0, which is true for the electrostatic case in which 


B = 0 and for the steady state for which — = 0 

dt 


fftlfiCtl 

m 


79 Maxwell’s Equations. Up to the present we have, for an 
^trostatic field, V xE = 0, V‘D = 4irp and, for stationary 


snts, V x H = (4w/c)], V • B = 0 
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Now V xE = is a generalization of V x E = 0 

c dt 

Maxwell looked for a generalization of V x H = (4ir/c)j. He 
decided to retain the two laws. (1) V • D = 4ir p as the definition 

of charge, and (2) V ■ j + — = 0 as the law of conservation of 

dt 

charge 

Let us assume 


V x H = — (j + jc) 
c 


(281) 


as a generalization of V x H = (47r/c)j. We take the divergence 
of (281) and obtain 


so that 


0 = V • j + V • x 



(282) 


1 dD 

We can choose y = . so that 

4tt dt 


V xH 


4r / . 1 dD\ 

■TV+Si) < 283 ) 


We call ‘ — 
47T dl 


the displacement current. 


We rewrite Maxwell’s equations 


(i) 

(ii) 

(Hi) 

(iv) 


V • D = 4? rp 

V ■ B = 0 


V xE 


1 5B 
c dt 


V xH 


c V 4ir dt ) 


(284) 
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We have in addition the equation 


(v) 


f = p (e + ~v xb) 


(285) 


where f is the force on a charge p with velocity v moving in an 
electric field E and magnetic inductance B. This result follows 
from Sec 77 

Problems 

1. Show that the equations of motion of a particle of mass m 
and charge e moving between the plates of a parallel-plate con- 
denser producing a constant field E and subjected to a constant 
magnetic field H parallel to the plates are 


d 2 x dv 

m— = Ee - He - f 
dt 2 dt 

d 2 y dx 

m, — = He — 
dt 2 dt 


Given that 


dx 

dt 


dy 

dt 


x 


x = (E/wH)( 1 — cos cot), y 


y = 0 when t = 0, show that 
(. E/wH)(ut — sin wt), where 


CO 


He 

m 


2 From (m) of (284) show that V • — = 0. 

dt 

3 From (i) and (iv) of (284) show that 


V’j 


L 1 (v . D) 
4tt Dt ' 


dp 

dt 


4 Write down Maxwell’s equations for a vacuum where 
j = p = o, D = E, B = H. 

80. Solution of Maxwell’s Equations for “Electrically” Free 
Space. We have p = j = 0 and k , u are constants Equations 
(284) become 
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(1) 

V-E = 0 


(11) 

V-H = 0 


(ill) 

V x E = — - — - 
c d£ 

k aE 

(286) 

(iv) 

V xH = - — 
c dt 



We take the curl of (in) and obtain 

u aH 

V x (V x E) = V(V ■ E) - V 2 E = - - V x — 

c at 

or 


UK <3 2 E 

V 2 E = 

c 2 dt 2 


(287) 


by making use of (l) and (iv) Similarly 


V 2 H = ^ 
c 2 df 


(287 a) 


Equation (287) represents a three-dimensional vector wave equa- 
tion To illustrate, consider a wave traveling down the x axis 
with velocity V and possessing the wave profile y = f(x) at 
t = 0 At any time t it is easy to see that y = f(x — Ff). From 

y =f(x- Vt) we have = f"{x - Vt ) and 
dx 2 


so that 


J = V2 f"(.x ~ Vt) 


djy = _1 
ax 2 F 2 dt 1 


(288) 


Equation (287) represents three such equations, and y k/c 2 plays 
the same role as 1/F 2 , so that c/V^ ic has the dimensions of a 
velocity (see Example 96) c = 3 X l0 10 by experiment 


Example 98 


1 d 2 f 

We solve the wave equation V 2 / = - 

J F 2 dt 2 


spherical coordinates where / = /(r, t) 


in 
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V/ = fir, t ) Vr = /' - 
T 


v 2 / 




/' 


V-r + V 


(D- 


r r 2 r 


Our wave equation is 


dj 2df = 

3r 2 r 3r F 2 3f 2 


Now let u(r, t) = rf(r, f) , then 

df _ Idu u d 2 f_ld 2 u 2du 2 

dr r dr r 2> 3r 2 r dr 2 r 2 3r r 3 U 

and substituting into (289), we obtain 

d 2 u _ 1 d 2 u 
3r 2 ~ F 2 dt 2 

of which the most general solution is 

u i r i 0 = ff( r ~ Fl) + h{r + Ff) 


and so 


f(r, t) - - fo(r - Ff) -f fc(r + Ff)] 


is the most general solution of (289) 


(289) 


(290) 


Let us now try to determine a solution of Maxwell’s equations 

for the case E = E(x, f), H = H(x, f) 

,, „ T, „ ,, , dE x (x, f) dE y (x, t) dE,(x, t) 

Now V E = 0, so that d d = 0, 

’ dx dy dz 

dE x (x, t) 

which implies = 0 We are not interested in a uniform 

dx 

field in the x direction, so we choose E z = 0 Hence 
E = E v {x, f)j + E,{x, f)k 


and similarly 


H = H y (x, f)j + H z {x, f)k 
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M 3H 

Now we use Eq (ui) of (286), V x E — —> so that 

c ot 


or 

(i) 

(») 


i j k 
d_ d_ d_ 
dx dy dz 
0 Ey Ez 


n dH„ . n dH t ^ 
c~dt 1 ~ c "d£ 


dE t _ y. dH v 
dx C dt 

dE v y dH t 

dx c dt 


Similarly, on using (iv) of (286), we obtain 


0 ) 

00 


dHt K dEy 

dx C dt 

dHy _ k dEz 
dx C dt 


(291) 


(292) 


The four unknowns are E v , E t , H y , H z , which must satisfy (291) 
and (292) If we choose H y = E. = 0, we see that (i) of (291) 
and (n) of (292) are satisfied Differentiating (n) of (291) with 
respect to x and (i) of (292) with respect to t, we obtain 


d 1 Ey flK d i Ey 

~dx* ~ ~d l dt 2 


(293) 


We leave it to the reader to show that 

d^Hz \ik d 2 H, 
dx 2 “ ~c 2 ~dF 


(294) 


These equations are of the type represented by (288) Hence 
a solution to Maxwell’s equations is 

e = [£,«(* - vt) + £,«(* + vm 

H = [H,W( X - Vt) + HJ*(x + Vt)}k i 

where V = c(yK)~ > 

Both waves are transverse waves, that is, they travel down 
the x axis but have components perpendicular to the x axis 
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Also note that E • H = 0, so that E and H are always at right 
angles to each other 

By letting H x = E„ = 0, we can obtain another solution, 
E = Ez(x, t) k, H = H v (x, t)j. These two solutions are called 
the two states of polarization, the electric vector being always 
oriented 90° with the magnetic vector 

Example 99 We compute the energy density. 


W e 


D -E _ kE I* 
2 ~ 2 


kE u 2 

2 


w m = 


B -H 

2 



kEJ 

2 


= We 


and w = w e -j- w m = 2w 0 = 2w m - kE v 2 , and for both waves 
w r = k(E v ! + E x 2 ). We have here used the fact that 


He = 



Ey 


(see Prob 1) 

Example 100 Maxwell’s equations in a homogeneous con- 
ducting medium are 


(i) 


V 



(ii) 

(m) 


(iv) 


V-H = 0 


V xE 

V xH 


fi 5H 
c dt 


4t 


U + ^) 

\ 4ir dt/ 


Assume a periodic solution of the form 

E = E 0 (x, y, z)e-»' 
H = Ho (a;, y, z)e~ wt 

Substituting into (iv), we obtain 



V xH 0 


(296) 
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This equation is the same as that which occurs for “electrically” 
free space with a complex dielectric coefficient 

Problems 

1. By letting E v = f(x — Vt), H s = F(x — Vt), V = c/V^, 
show that H, = Vx/p 

2 Derive (287a). 

d 2 y 1 dhi 

3 Let r = x - Vt, s = x + Vt, and show that — = ~ ^ 

d^y 

reduces to = 0 Integrate this equation and show that the 

dr ds 

general solution of (288) is y — fix — Vtj + F(x + Vt), where 
f and F are arbitrary functions 

4 Prove that Maxwell's equations for insulators (<r = 0) are 


k dE 

V x H = and 

c dt 


n dH 

V * E "-;- sr < 207 > 


5 Show that the solution of (297) can be expressed in terms 
of a single vector V, the Hertzian vector, where 


and V satisfies V 2 V = 


KJU d 2 V 
c 2 at 2 


6 Prove that E = - V x — > H = — V(V • W) H — — — is a 

c df c 2 df 2 

/CLt <9 

solution of (297), provided that W satisfies V 2 W = 

c 2 df 2 

7 Derive (294) 

8 Look up a proof of the laws of reflection and refraction 
9. By considering (i) and (iv) of Example 100, show that 

P = p 0 e- 4 "’ 1/ ‘ 

81 . Poynting’s Theorem. Our starting point is Maxwell’s 
equations Dot Eq (m) of (284) with H and Eq (iv) with E 
and subtract, obtaining 


c(H-V xE - E-V xH) = -H 


dB 

dt 


dD 

4irj • E E • — (298) 
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Now from (218) 

6w e 1 ^ 3D dw m 1 ^ dB 

dt 4ir dt dt 4 x dt 


Let us write j = js + h where j Q represents the galvanic current 
and js = pv, the conduction current Now 


« i n T-i dt 3ll) meo hamoal 

E • Ja = E - pT =. pE - — — 


Si 


and from Sec 75 it is easy to prove that E • is Joule’s power 
30 

loss = — Moreover, H • V x E — E ■ V x H = V ■ (E x H), so 
dt 

that we rewrite (298) as 

'(S+S + v + s) « 

Integrating over a volume R and applying the divergence 
theorem, we obtain 

Ilf« dr + ifJ txS - di - -///?* (300 > 

where w is the total energy density. 

We define s = (c/4ir)E x H as Poyntmg’s vector Equation 
(300) states that to determine the time rate of energy loss in a 
given volume V, we may find the flux through the boundary 
surface of the vector s = (c/47r)E x H and add to this the rate 
of generation of heat within the volume It is natural to 
interpret Poyntmg's vector as the density of energy flow. 


Problems 

1 Find the value of E and H on the surface of an infinite 
cylindrical wire carrying a current Show that Poyntmg’s vector 
represents a flow of energy into the wire, and show that this flow 
is just enough to supply the energy which appears as heat 

2 Find the Poyntmg vector around a uniformly charged 
sphere placed m a uniform magnetic field 

3 If E of Sec 80 is sinusoidal, E = E 0 sin w(x — "Ff)k, find 
the energy density after finding the magnetic wave H. 

82 Lorentz’s Electron Theory. For charges moving with 
velocity v, j = pv, and Maxwell's equations become 
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(0 

V • D = 4irp 


(S) 

V-B = 0 


(iii) 

VxE- 13B 
* c dt 

(301) 

(iv) 

„ 4tt/ 1 3D\ 


VxH = T (pv + --) 



These equations are due to Lorentz From ( 11 ) we can write 
B = V x (A 0 H~ Vx) =V xA, Substitute this value of B into 

1 3A 

(in) and obtain V x E = Vx — > or its equivalent 

c at 

( 1 3A\ 


1 1 dA^ 

Thus EH 'is irrotational. so that EH = 

c dt c dt 


-V<p 


Let D = kE, B = pH, and substitute into (iv) We have 


1 

M 


V x (V x A) = — 
c 


pV + 


4:7 r 


1 _ d<A 

c dt 2 dt /. 


and since V x (V x A) = — V 2 A -f V(V • A), we obtain 


where 


Now 


km <5 2 A 4ttmp _ , 

V 2 A. - - — = v + V| 

c 2 dP c 


c 2 dt 


. „ _ ( 1 3A\ 

4irp = V • D = k V • ( — Vw — 

\ c dt) 

= -«VV 

C\dt c dt 2 / 


so that 


VV - 


Kpi 3fy 
c 2 & 2 


4irp 1 d\}/ 

k c. dt 


(302) 


(303) 
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Equations (302) and (303) would be very much simplified if 

KjU d(p 

we could make = V • A — — = 0 This is called the equa- 

c 2 dt 


tion of gauge invariance Let us see if this is possible 

1 5A 

Now B = V x A 0 and EH ; = —Vtp 0 so that 

c dt 

1 dA 0 1 <5A 

E= Z V P0= TT — 

c dt c dt 

where A = A 0 + V% Thus 

l/dA dA 0 \ Id 

— - ~j = = V«* 0 ~ <p) 

c \dt dt ) cdt 


— ~ — <pa — ' <p ~i~ constant 
c dt 

1 5 2 x _ dipo d<P 

c!i? ~ Ht ~ Tt 


Now we desire 


O-V.A + S^ 
c 2 dt 


T7 A I T72 Kfl 1 d * X 

= V • A 0 + V 2 x 4- - — — T 

c l dt c dr J 


„ 2 *** d * x 

v X : T77 

c 2 dt 2 


-V • A 0 — r 


«m d^o 


The right-hand side of (304) is a known function of x, y, z, t. 
This equation is called the inhomogeneous wave equation, and 
if the equation of gauge invariance is to hold, we must be able to 
solve it If we can solve it, the Lorentz equations will reduce 
to four inhomogeneous wave equations and so will also be solv- 
able They are 

Kjid 2 A 4irpp 

V 2 A — - v 


(CM 3 V 4tt 

* ~ 1 ~Zi P 

c 2 dt 2 K 


( 305 ) 
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Problems 

1. For the Lorentz transformations (see Prob 11, Sec 24), 
show that 

dv av sv i ay ay ay gy 1 ay 

= jty2 *l~ g z 2 c 2 g£2 dS 2 d?/ 2 dg 2 c 2 dt 2 

We call □ the D’Alembertian 

2 Consider the four-dimensional vector C, = (A h A 2) A 3 , — <p), 

1 d 2 A , , 

t = 1, 2, 3, 4, the A, satisfying V 2 A = ~— ) while <p satisfies 

vy = — — j with H = V x A, and E = — — Vp, Let 

C 2 dt 2 ^ 


x 1 = x, X 2 = y, X 3 

= Z, X* 

= cl, and show that 




/ ° 

-H. H y 

—E. 

„ (dC. 

dC\ 


0 —H„ 

-E, 

*" - W 

dx'J 

-\-H v 

H x 0 

—E, 


\ -B* E v 0 / 

Show that ^ ~ = 0, i = 1, 2, 3, 4, yields V x H = ™ and 
j-i 0 

V • E = 0, F 1 ' = -F,„ i or y = 4, otherwise F” = F„ Also 
show that 


IlF a fj dFya dF g y 
dxi dx? 0x a 


a, (3, y — 1, 2, 3, 4 


1 dH 

yields V x E = 77 and V • H = 0 

c at 

4 4 

w w dx a dx** 

3 If F,, = ) ) F a s > show that for the Lorentz trans- 

H dx l 5x } 

a “ 1 t 


formations F 12 = —Hi 
trix F„ 


-ff. ~ (V/c)E r 
[1 - (T^ 2 A 2 )]* ‘ 


Complete the mar- 


83. Retarded Potentials. Kirchhoff’s Solution of 
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To find the solution <p(P, t ) of the inhomogeneous wave equa- 
tion at t = 0, we surround the point P by a small sphere 2 of 



radius e, and let S be the surface of a region R containing P (see 
Fig 71) We apply Green’s formula to this region 

/ / / — ^ ^ r= // W' W ~ V W) ’ 

R Z 

+ // (4/ V<p — i p • dd (306) 

s 


We choose for \p a solution of VV “ yi ^7 = ^ We know 

that ^ = /(r + Vt)/r is one such solution, where / is arbitrary 
Equation (306) now becomes 



~ *^p) dr ~ 4x f f f tydr = // 

+// 2 


(307) 
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Equation (307) is tiue for all values of t so that we may integrate 
(307) with respect to l between limits i — ti and t = t 2 We 
obtain 


fi ! I / [* a! - * «1 * - 4 ' r / / / F *' dr 

-/>(// + 11 ) < s » 8 > 


Now on 2, = (!/«)/(« + Vt) and 


d\p 

V< l>-dd= - — 
Sr 


+ Vt) - ef(e+Vt)) dS 


so that (308) reduces to 

\f(r + Vt) dy 
d t 


-*nu 


— (p 


Vf’(r + Vt) 


■ u 

Jo 


dr 


«. % + 7<) 


df dr 


- />'(//[' 


/(< + Vi) 


+ / rc + ro-fr + . iy R U + ».. | 

€ J p 1 


v<p 

(309) 


Let us now return to a consideration of f(r + Vt) Since / 
is arbitrary, let us choose / = 0 for |r -f Vt\ > 8, with the addi- 
tional restriction that J_ s f( r + Vt) d{r -+- 7t) = 1, where 8 is 
arbitrary for the moment Notice that/' = 0 for \r + 7t| > 8 
Now let us choose U > 0 and <i negatively large, so that for 
all values of r in the region R, |r + Vt\ > 8 Hence 

7(r + Vt) S <p Vf’(r + Vt) 

(2) 

r dt r 

since | r -f Vt 2 \ > 8, |r + Vt \ j > 5 
Moreover 

j;?f(r + Vt) dt = ± /‘^ fir + Vt) d(r + Ft) 

(sio) 



for a fixed r Now if 8 is chosen very small, the value of (310) 
reduces to approximately 




since dd is of the order £ 2 , and /, /', <p, Vip are bounded for a fixed 4 
We also have that 

lim — f ‘‘ dt [ [ - dS = - ~4ir <p(P) (312) 

e->0 J 1 J s -' « V 

since j J dS = 4t« 2 , and for small 5, 

<pf( « + ™) d(€ + 70 = Rf(*) dx « p(P) 

Finally, 

- IJ f d ‘ [—r 51 + Jr W J ■ *> 

+ ^ Vr] •*.+ // i * il (Vr ■ <U) (313) 

iS 

on integrating by parts and noticing that /]jj = 0. Finally the 
right-hand side of (313) becomes equivalent to 



1 

— (p V — 

1 = — r/V T 


rV dt ,= _ r/r 



d<i 


( 314 ) 
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Combining (311), (312), and (314), we obtain 


-«-/// 7 


dr 


V r\t=-r/v 

- — [ I (— - * v - + 4? 77 Vr ) • dd (31.5) 
hrJ s J \r r rV dt ) l= _ r/v ' 


dtp 

Now let S recede to infinity and assume that <p, V<p, —> when 

at 


evaluated at t = —r/V on the surface S, have the value zero 
until a definite time T For large r, t = —r/V is negative and 
so is always less than T Hence the surface element vanishes, 
and 


*«-/// = 


dr 


I t = -T/V 


(316) 


The solutions to (305) aie thus seen to be 


A (P, t ) 

<p{P, t) 

where V = c/V^ 
Finally, 

B 

E 


///? 1 

eo 

/// 


dr 


(-fr/F) 


dr 


i*-(r/V) 


V xA 
_ IdA 

~ C dt 


— V(P 


(317) 


(318) 


The physical interpretation of these results is simple The 
values of the magnetic and electric intensities at any particular 
point P at any instant t are, in general, determined not by the 
state of the rest of the field (p, v) at that particular instant, but 
by its previous history The effects at P, due to elements at a 
distance r from P, depend on the state of the element at a previ- 
ous time t — (r/V). This is just the difference m time required 
for the waves to travel from the element to P with the velocity 
V = c/Vpji, hence the name retarded potential Had we con- 
sidered the function f(r — Vt), we should have obtained a solu- 
tion depending on the advanced potentials Physically this is 
impossible, since future events cannot affect past events ’ 
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Problem 


1 A short length of wire carries an alternating current, 
j = pv — o (sin w£)k, -1/2 % z ^ 1/2, 

(a) At distances far removed from the wire, show that 


* ^ l 

A = — sin w | 

cr 

and that in spherical coordinates 




7„J . / A 

A r = — sin oi 1 1 - - cos 0 
cr \ c! 

U ( A 

An = sm to I £ - - sin 6 

cr \ cl 

A f - 0 

(&) Show that Hr = Hi = 0, and that 


r, U , 

at-— sin 0 
cr 


a / A 1 ( > 

- cos « 1 £ - - 1 -(- - sm u £ - - 
Lc \ cf r \ c 


(c) Find tp from the equation of gauge invariance, and then 
13A 
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84. Kinematics of a Particle We shall describe the motion 
of a particle relative to a cartesian coordinate system The 
motion of any particle is known when r = x(()i + y{t) j -f 2(<)k 
is known, where t is the time We have seen that the velocity 
and acceleration, relative to this frame of reference, will be given 

by 


dx dy dz 

v = — 1 — i + — k 

dt r dt J dt 


dh dhj . d l z 

a "S‘ + jp 1 + 


The velocity may also be given by v = wt, where v is the speed 
and t is the unit tangent vector to the curve r = r(i) Differ- 
entiating, we obtain 



dv dt ds dv 
T t + # JT = T t + l ‘ A 

CIS (tv (tt 


(319) 


by making use of (95) Analyzing (319), we see that the accelera- 
tion of the particle can be resolved into two components a 

dv 

tangential acceleration of magnitude — , and a normal accelera- 

dt 

tion of magnitude vh = y s /p This latter acceleration is called 
centripetal acceleration and is due to the fact that the velocity 
vector is changing direction, and so we expect the curvature to 
play a role here 

For a particle moving in a plane, we have seen in Sec 17, 
Example 18, that the acceleration may be given by 



a = 
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Example 101 Let us assume that a particle moves m a plane 
and that its acceleration is only radial In this case we must 


have 


r dt \ dt) ’ 


andmte- 


. d8 


grating, ir 2 — = h = constant. 

From the calculus we know 
that the sectoral area is given 
by dA = \r 2 dd (see Fig 72) 
dA 

Thus — = constant, so that 
dt 

equal areas are swept out m 
equal intervals of time 
Example 102 For a particle 
moving around a circle r = b 

, , , dd , dr 

with constant angular speed w 0 = — , we have — = 0 and 

dt dt 

-7 (r 2 ojo) = 0, so that a = —bw 0 2 R. 
at 

Example 103. To find the tangential and normal components 
of the acceleration if the velocity and acceleration are known 



and 

Also 

and 


v = tit, a = a ( t + a„n 
a • v = va t so that a t = 
a x v = va n n x t = —va n b 


a • v 


a„ = 


a x v 


Problems 

1. A particle moves m a plane with no radial acceleration and 
constant angular speed o>o Show that r = Ae"°‘ + Be~“^ 

2 A particle moves according to the law 

r = cos t i + sm t j + ^ 2 k 

Find the tangential and normal components of the acceleration 
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3 A particle describes the circle r = a cos 9 with constant 
speed Show that the acceleration is constant m magnitude and 
directed toward the center of the circle 

4 A particle P moves in a plane with constant angular speed 
co about 0. If the rate of increase of its acceleration is parallel 

d^v 

to OP, prove that — = 

5 If the tangential and normal components of the acceleration 
of a particle moving m a plane are constant, show that the 
particle describes a spiral 

86. Motion about a Fixed Axis. In Sec 10, Example 12, we 
saw that the velocity is given by v = cj x r. Differentiating, we 
obtain 


dr da 

**“ ,< s + * xr 


a = toxv-i-axr 


(320) 


where a is the angular acceleration 

Oil 


da 

dt 

have also 


Since v = o x r, we 



a = ux(<oxr) + axr 
= (u • r)w — w z r + a x r 

If we take the origin on the 
line of u m the plane of the 
motion, then u is perpendicular 
to r or a • r = 0, so that 

a = — o> 2 r + a x r 

a x r is the tangential accelera- 
tion, and u x (u x r) is the 
centripetal acceleration 

If we assume that a particle P is rotating about two intersecting 
lines simultaneously, with angular velocities on, (Fig 73), we 
can choose our origin at the point of intersection so that 


Vi = on x r, v 2 = g> 2 x r 
and the total velocity is 

v = V] -b v 2 = («j x r 
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A particle on a spinning top that is also precessing experiences 
such motion 

86. Relative Motion. Let A and B be two pai tides traversing 
curves Pi and r 2 (Fig 74) ri and r 2 are the vectors from a point 
0 to A and B, respectively 


r 2 = r + ri (321) 

dx 

Definition. — is the relative velocity of B with respect to A, 
written Va(B). 



Differentiating (321), we have 

di 2 dr dxi 
dt dt dt 


Vo(S) = Vi(B) + V 0 (A) (322) 

More generally, we have 

Vo(A) = Va,(A) + V*(A.) + V^A,) + + V^A^) 

+ Vo(A„) 

It is important to note that Va(B) = — V fl (A) 

Example 104 A man walks eastward at 3 miles per hour, and 
the wind appears to come from the north He then decreases 
his speed to 1 mile per hour and notices that the wind comes 
from the northwest (Fig 75) What is the velocity of the wind 7 
We have 


Vo(W) — Vjf(W) + Vo(M) G(ground) 
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In the first case 

V„(W) = -fcj, V a (M) = 3i 

so that 

Vg(W) - — A'j + 3i 

In the second case, 

Vm(TF) = A(i - j), Vo(M) = i 

so that 

Vo (TP) as A(i — j) + i = (h + l)i — hj, 

and 

3 = h + 1, -k - —h, V«(TT) = 31 - 2j 

The speed of the wind is \/l3 miles per hour, and its direction 
makes an angle of tan -1 i with the south line 


N 


E 


S 

Fig 75 Fig 76 

Example 105 To find the relative motion of two particles 
moving with the same speed v, one of which describes a circle of 
radius a while the other moves along the diameter (Fig 76). We 
have 

dd 

P = a cos 6 l + a sin 6 j, a — = v 

dt 

Q = (a — vt) i 

This assumes that both particles started together 

dP dQ ( « \ dO. 

dt~Tt = \' asm9 dt + v ) 1 + acose dt J 

V«(P) = r(l — sin 0)i -f v cos 6 j 
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\V Q (P)\ = [r 2 (l — sm 9 ) 2 + v 2 cos 2 0]* = 2*a(l — sin 0)* 
Maximum |V Q (P)| occurs at 6 = 3^/2, minimum at 6 — n/ 2 

Problems 

1 A man traveling east at 8 miles per hour finds that the wind 
seems to blow from the north On doubling his speed, he finds 
that it appears to come from the northeast Find the velocity 
of the wind 

2 A, B, C arc on a straight line, B midway between A and C 
It then takes A 4 minutes to catch C, and B catches C in 6 min- 
utes How long does it take A to catch up to B 7 

3 An airplane has a true course west and an air speed of 
200 miles per hour The wind speed is 50 miles per hour from 
130° Find the heading and ground speed of the plane 

87. Dynamics of a Particle. Up to the present, nothing has 
been said of the forces that produce or cause the motion of a 
particle Experiment shows that for a paiticle to acquire an 
acceleration relative to certain types of reference frames, there 
must be a force acting on the particle The types of forces 
encountered most frequently are (1) mechanical (push, pull), (2) 
gravitational, (3) electrical, (4) magnetic, (5) electromagnetic 
We shall be chiefly concerned with forces of the types (1) and 
(2) For the present we shall assume Newton’s laws of motion 
hold for motion relative to the earth Afterward we shall modify 
this Newton’s laws are 

(а) A particle free from the action of forces will remain fixed 
or will continue to move m a straight line with constant speed 

(б) Force is proportional to time rate of change of momentum, 

* d 

that is, f = — (mv). In general, m = constant, so that 

dv 

I = m — = ma 
dt 

The factor m is found by experiment to be an invariant for a given 
particle and is called the mass of the particle In the theory of 
relativity, m is not a constant mv is called the momentum 

(c) If A exerts a force on B, then B exerts an equal and opposite 
rorce on A This is the law of action and reaction fxu = — fsA. 
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By a particle we mean a finite mass occupying a point in our 
Euclidean space This is a purely mathematical concept, and 
physically we mean a mass occupying negligible volume as com- 
pared to the distance between masses For example, the earth 
and sun may be thought of as particles in comparison to their 
distance apart, to a first approximation. 

88. Equations of Motion for a Particle. Newton’s second law 
dv 

may be written f = m — = ma. We postulate that the forces 

acting on a particle behave as vectors This is an experimental 
fact. Hence if fi, U, . . , f„ act on m, its acceleration is given 

by 


a = — (fi + U + 
m 


H » , 

+ f„) - - V f, = - 

m ^ m 

t“i 


dh 

We may also write f = m — , wheie r is the position vector from 

the origin of our cooi dmate system to the particle If the particle 

dh 

is at rest or is moving with constant velocity, then — = 0, and 

so f = 0, and conversely Hence a necessary and sufficient con- 
dition that a particle be m static equilibrium is that the vector 
sum of the forces acting on it be zero 
A standard body is taken as the unit mass (pound mass) A 
poundal is the force required to accelerate a one-pound mass one 
foot per second per second The mass of any other body can be 
compared with the unit mass by comparing the weights (force of 
gravity at mean sea level) of the two 
objects This assumes the equivalence 
of gravitational mass and inertial mass 
Example 106 Newton's law of gravi- 
tation for two pai tides is that every 
pair of particles m the universe exerts 
a mutual attraction with a force directed 
along the line joining the particles, the 
magnitude of the force being inversely 
square of the distance between them 
and directly proportional to the product of their masses 
f« = (GnuWr^R (see Fig 77) G is a universal constant Let 



Fig 77 

proportional to the 
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the mass of the sun be M and that of the earth be m We 
shall assume that the sun is fixed at the origin of a given coordi- 
nate system (Fig 78) The force act- 
ing on the earth due to the sun is 

f = -(GmM/r s )i 
From the second law 

dv 


GmM dh 

r = m — 

r 3 dt 2 


m 


dt 


so that 


Now 


dv 

dt 


GM 


(323) 



and hence 


This implies 


or 


d dv 

- (r x v) " x - 


d , , ( GM \ 

S (rxv)-rx(- — 


0 


r x v = h = constant vectoi 
dr 


(324) 


r x — = h 

dt 


dA 


Since |r x dr| = twice sectoral area, we have 2 — = |h|, or equal 

u If 

areas are swept out in equal mteivals of time This is Kepler’s 

first law of planetaiy motion Moreover, r rxv = r • h = 0, 

L dt . 

so that r remains perpendicular to the fixed vector h, and the 
motion is planar. Now 

dv , GMi . GM 

— x h — x h = r x (r x v) 

dt t 3 r 3 

d dv 

from (324), and — (v x h) = — x h, so that 
at dt 

d . .. GM 

- (v x h) = r x (r x v 

dt r 


( 325 ) 
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Now r = rR, where R is a unit vector Hence 

dx dR dr 

v =.— = r R 

dt dt dt 

so that (325) becomes 

d , GM f dR\ 

5 (Txh)--— rx^rxr-j 
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= -GM 


K-f) 


dR 

R2 

dt . 


-GMf 

di 

since R is a unit vector 

Integrating (326), we obtain 

v x h = GMR + k 


(326) 


and 


Thus 


r . (v x h) = r • (GMR + k) 

(r x v) ■ h = GMr + r • k 
7i 2 = GMr + r • k 
W = GMr + rk cos (R, k) 

h*/GM 


1 + (k/GM) cos (r, k) 


(327) 


(328) 


We choose the direction of the constant vector k as the polar 
axis, so that 


r = 


h 2 /GM 


1 + {k/GM) cos 6 


(329) 


This is the polar equation of a conic section For the planets 
these conic sections are closed curves, so that we obtain Kepler’s 
second law, which states that the orbits of the planets are ellipses 
with the sun at one of the foci 
Let us now write the ellipse m the form 


r = 


ep 


1 + e cos 8 


k h 2 

"■here . - — , V - J 
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The curve ciosses the polar axis at 6 = 0, d = tt so that the length 
of the major axis is 


= ep + 

1 + e + 1 -e 


2 p 2h 2 

1 - e 2 “ GIkf(l - e 2 ) 


For an ellipse, b 2 = a 2 — c 2 = a 2 — e 2 a 2 , or b = a(l — « 2 ) 5 The 

i dA 

area of the ellipse is A = irab = ira 2 (l — e 2 } , and since — — = %h, 

at 

the penod for one complete i evolution is 


Thus 


2 A 2ira 2 (l - e'-f 2to ! 

h ~ a'G'M'i 1 - e 2 ) 4 “ 


rpi 

a? 


4x 2 

GM 


constant, for all planets 


(330) 


This is Kepler’s third law, which states that the squares 
of the periods of revolution of the planets are proportional to the 
cubes of the mean distances from the sun 


Problems 


1 A particle of mass m is attracted toward the origin with the 
force f = — (fc 2 m/r 6 )r. If it starts from the point, (a, 0) with the 
speed v 0 = k/2'a 2 perpendicular to the x axis, show that the path 
is given by r = a cos 6 

2 A bead of mass m slides along a smooth rod which is rotating 
with constant angular speed co, the rod always lying m a hori- 
zontal plane Find the reaction between bead and rod 

3 A particle of mass m is attracted toward the origin with a 
force — (mfc 2 /r 3 )R. If it starts from the point (a, 0) with velocity 
w 0 > k/a perpendicular to the x axis, show that the equation of 
the path is 


r = a sec 


~ (aW - k 2 )* 
av 0 


4 In a uniform gravitational field (earth), a 16-pound shot 
leaves the putter’s fingers 7 feet from the ground At what angle 
should the shot leave to attain a maximum horizontal distance 7 
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5. Assume a comet starts from infinity at rest and is attracted 
toward the sun Let ro be its least distance to the sun Show 
that the motion of the comet is given by r = 2 !r 0 / (1 + cos 6) 

89. System of Particles. Let us consider a system consisting 
of a finite n um ber of particles moving under the action of various 
forces A given particle will be under the influence of two types 
of forces- (1) internal foices, that is, forces due to the interaction 
of the particle with the othei particles of the system, and (2) all 
other forces acting on the particle, said forces being called 
external forces 

If r, is the position vector to the particle of mass m„ then we 
shall designate f/ e) as the sum of the external forces acting on the 
jth particle, and f/° as the sum of the internal forces acting on 
this particle Newton’s second law becomes for this particle 

dir 

f W + f/’> = rn, -r; (331) 


Unfortunately, we do not know, m general, f, w , so that we shall 
not try to find the motion of each particle but shall look rather 
for the motion of the system as a whole Since Eq (331) is 
true for each j, we can sum up j for all the particles This yields 


d% 

dt* 


+ I V - In, 

7 = 1 7“ 1 7 = 1 

From Newton's third law we know that for every internal force 


there is an equal and opposite reaction, so that 2, f, w = 0 

.7 = 1 

This leaves 


n n 

2 f » w = 2 m > 


7-1 


7 = 1 


d 2 r, 

a? 


(332) 


We now define a new vector, called the center-of-mass vector, 
by the equation 


n 



7 = 1 


( 333 ) 
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The end point of r c is called the center of mass of the system 
It is a geometric property and depends only on the position of 
the particles Differentiating (333) twice with respect to time, 
we obtain 




d% 
dt 2 


so that (332) becomes 


f 


n 

2 

i-i 


f,« = 

dt 2 


(334) 


Equation (334) states that the center of mass of the system 
accelerates as if the total mass were concentrated there and 
all the external forces acted at that point 



Example 107 If our system is composed of two particles in 
free space and if they are originally at rest, then the center of 

d 2 r„ 

mass will always remain at rest, since f = 0 so that — — = 0, and 


r c = constant satisfies the equation of motion and the initial con- 

d.T 

dition -— = 0 For the earth and sun we may choose the center 
dt 

of mass as the origin of our coordinate system (Fig 79) The 
equations of motion for earth and sun are 


m 


dh i 
dt 2 


GmM R dirt _ GmMR 

(ri - r 2 ) 2 ' dt 2 (r x - r 2 ) 2 


Since r c = 0, we have mri + Itfr 2 = 0, and 


d 2 h -GM ri 

dt 2 ~ [1 + ( m/M )] 2 r 2 3 
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This shows that m is attracted toward the center of mass by an 
inverse-square force The results of Example 106 hold by replac- 
ing M by M[ 1 -f 


Problems 


1, Show that the center of mass is independent of the origin 
of our coordinate system 

2 Particles of masses 1, 2, 3, 4, 5, 6, 7, 8 are placed at the 
corners of a unit cube Find the center of mass 

3 Find the center of mass of a uniform hemisphere 

4 Find the force of attraction of a hemisphere on another 
hemispheie, the two hemispheres forming a full spheie 

90. Momentum and Angular Momentum. The momentum of 
a particle of mass m and velocity v is defined as M = mv. The 


total momentum of a system of particles is given by M 
We have at once that 


2 


j-i 


m,v t . 


dM 

dt 




,-l 


3=1 


(335) 


We emphasize again that the mass of each particle is assumed 
constant throughout the motion 
The vector quantity r x mv is defined as the angular momen- 
tum, or moment of momentum, of the particle about the origin 0 


f 



The total angular momentum is given 
by 


H= l 


3=1 


r, x m,v, 


(336) 


91. Torque, or Force Moment. Let 

f be a force acting m a given direction 
and let r be any vector from the origin 
whose end point lies on the line of 
action of the force (see Fig 80) The vector quantity r x f 
is defined as the force moment, or torque, of f about 0 For a 
system of forces, 

l r, xf, 

3-1 


( 337 ) 
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We immediately ask if the torque is different if we use a differ- 
ent vector Ti to the line of action of f. The answer is in the 
negative, for 

(fi — r) x f = 0 

since ri — r is parallel to f. Ilei 

What of the torque due to two 
equal and opposite foices both 
acting along the same line? It 
is zero, for 

ri xf + ri x (— f) 

= r, x (f - f) - 0 

Two equal and opposite forces 
with different lines of action 
constitute a couple (see Fig 81) 

Let ri be a vector to f and r 2 a 
vector to — f. The torque due 
to this couple is 

L = r! x f + r 2 x (-f) 

= (ri - r 2 ) x f 

The couple depends only on f and on any vector from the line of 
action of — f to the lme of action of f. 

Problems 

1 Show that if the resultant of a system of forces is zero, the 
total torque about one point is the same as that about any other 
point 

2 Show that the torques about two different points are equal, 
provided that the resultant of the forces is parallel to the vector 
joining the two origins 

3 Show that any set of forces acting on a body can be 
replaced by a single force, acting at an arbitrary point, plus a 
suitable couple Prove this first for a single force 

4 Prove that the torque due to internal forces vanishes 

92. A Theorem Relating Angular Momentum with Torque. 
We are now m a position to prove that the time rate of change 
of angular momentum is equal to the sum of the external torques 
for a system of particles 
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Since 


H = ^ r, x m > v ’ = ^ T ‘ * 


j“i 


we have on differentiating 


dH v d 2 r, V dr, dr, 

IT “ 4 r ’ xm ’5? + 45 


3 = 1 


dt 2 ' A df dt 

3 = 1 


= £ r, x (f,w + f «) 


3 = 1 


dH 

dt 


n 

= £ r, x f, w = L 


3=1 


(338) 


93 Moment of Momentum ( Continued ) It is occasionally 
more useful to choose a moving point Q as the origin of our 
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coordinate system Let 0 be a fixed point and Q any point in 
space We define 

n dt 

Hq° = ^ (r, - r„) x m, Jjf (339) 

The superscript a stands for absolute momentum, that is, the 
velocity of m, is taken relative to 0, wheieas the subscript Q 
stands for the fact that the lever arm is measured from Q to the 
paiticle m, (Fig 82) Differentiating (339), we obtain 
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dH, 

dt 


V ( dr, dr Q \ dr, y 

- Ixir *)*"’* + V'~ 

j—i ; - i 


r,) x m, 


d^r, 

A 2 


- - l f + l (r ‘ - r °> * <f/ " + '■“> 


dr } 


dt ” ’ J dt 


3 = 1 


J- 1 

n n rfr n 

Now Jiff = ^ m,r„ so that M — • = ^ m, and ^ f, (l > = 0, 

j = i 


;-i 


£ r, x f,« = 0 fiom Sec 91, so that 

j- 1 

dH,“ dr, dr r» * ■ 

** + 4 (r ‘ ~ 


(<} 


; = 1 


or 


Si , L 0 <-> - i/S X S 

di di dt 


(340) 


We can simplify (340) under three conditions 

1 Q at rest, so that ^ = 0 

dt 

2 Center of mass at rest, = 0 

at 

3 Velocity of Q is parallel to velocity of center of mass, 
dr, dr c 

7i*7~ a 

In all three cases 


dH, ° 

dt 


= Lq (6) 


(341) 


In particular, if Lg w = 0, then H,“ = constant, and this is the 
law of conservation of angular momentum 
94 . Moment of Relative Momentum about Q. In Sec 93 we 
assumed that the absolute velocity of each particle was known 
It is often more convenient to calculate the velocity of each 

dr, 
dt 


particle relative to Q 


This is ~~ — 
dt 


We now define rela- 
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tive moment of momentum about Q as 





- r Q ) 


Differentiating, 


dt 



— r 4 ) x m, 


d% 


di'J 


(342) 


" j 2 n 

= Y, ( r > ~ r «) * + f ' (0 ) + ~j£ * X m,( ' r ' ~ r °) 

1 - 1 J = 1 


We see that 


dt 


' = Lc(,) + * I “ Xq) 


(343) 


j-i 


Under what conditions does = Lq ( c) ? 

dt 


We need 


d*i Q 

It} 


n 

x ^ m,(r, - r<2 ) = 0 


j-i 


or 


Af 


d 1 2 r g 

~dt? 


x (r e - r Q ) = 0 


(344) 


Now (344) holds if 

1 r c = r Ql or Q is at the center of mass 


^2j» 

2 Q moves with constant velocity, = 0. 

dt 2 


3 r c 


is parallel to 


dh Q 
dt 2 


Problems 

n 

1 Show that Y m,(r, - r«) x ~ = M(r 0 - r Q ) x — • 

j_i of 2 d £ 2 

2 A system of particles lies in a plane, and each particle 
remains at a fixed distance from a point 0 m this plane, each 
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particle rotating about 0 with angular velocity to. Show that 

» d 

Ho = /«, where I = ^ m,r, 2 , and show that L 0 = I - “ 


3 = 1 


dt 


C M 


3 A hoop rolls down an inclined plane What point can be 
taken as Q so that the equation of motion (343) would be 
simplified? 

95. Kinetic Energy. We define the kinetic energy of a particle 
of mass m and velocity v as T = $mv ■ v. 

For a system of particles, 

T-f 5-.V- < 345 > 

;-l ;*»1 

Now let i c be the vector to the center of 0 
mass C (Fig 83) It is obvious that 



Fig. 83 


so that 


r, = r„ + (r, - r„) 


*1 - *2 A. £ i _ \ 

dt dt + dt {1 ’ 


/dr A 5 dr c 

d . 

— Tc) + 

"d 

\dtj +2 ~dt 

5 (r ’ 

L It (r ' - r ->J 


Hence 


_ 1 . , / dr A 2 dr c v d . 

t -2 M U 

3 = 1 

V 1 I’d 


Ic) 


(346) 


Now Mr e = ^ m,r, = ( ^ m,) r„, so that Y m, ~ (r, — r 0 ) = 0, 


3 = 1 


3 = 1 


and (346) reduces to 




Ic) 


(347) 


This proves that the kinetic energy of a system of particles is 
equal to the kinetic energy of a particle having the total mass 
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of the system and moving with the center of mass, plus tho 
kinetic energy of the particles m their motion relative to the 
center of mass 

96. Work. If a particle moves along a curve r with velocity v 
under the action of a force f, we define the work done by this 
force as 

W - jh'f /r f -* 

- /r < 348 > 

If f acts at right angles to the path, no work is done. 

If the field is conservative, f = — V<p, the work done m taking 
the particle from a point A to a point B is independent of the 
path (see Sec 52) 

Now 

fj-TT 

m, ^ = f>> + f « 
m,v, — = f,<*> • v, + f,<» • v, 
and integrating and summing over all particles, 


u 


m,v. 


J°1 


dv, 

dt 


dl 


= 1 f l l' t ’ M "’ dt + 2 I?*"’* 


J = 1 


or 


X 


j =i 


WV(L) 


- v , 2 (f„)] = W M + WM 


(349) 


This is the principle of work and energy The change in the 
kinetic energy of a sybtem of particles is equal to the total work 
done by both the external and internal f oi cos 
If the pai tides always remain at a constant distance apart, 
(r, — r*,) 2 s constant, the internal forces do no work Let ri 
and r 2 be the position vectois of two pai tides whose distance 
apart iemams constant, and let f and — f be the internal forces 
of one pai tide on the other and conversely Now 

(r t — r 2 ) • (ri — r 2 ) = constant 
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so that 

, , / dr, dr\ 



<* -■■■>• u -■?)- 0 

(350) 

Also 




TF W = ft • Vi dt + / - f • v 2 dt 
= ft (vi - v 2 ) dt 

Since f is paiallel to ii — r 2 , we have f = a(ri — r 2 ) and 
f • (Vi — v 2 ) = a( r x - r 2 ) (vi - v s ) = 0 
from (350) Thus W M = 0 


Problems 

1. A system of particles has an angular velocity o>. Show that 

n 

T = X * b| 2 - 

3 - 1 

2. If w of Prob 1 has a constant direction, show that T = 

n 

where I — Y, d, being the shoitest distance from m, to 

line of < 0 . 

dT n 

3 Show that — = to ■ L, by using the fact that T = V 

at j-i 

and that v, = m x r,. 

4 Show that the kinetic eneigy of a system of rotating par- 
ticles is constant if the system is subjected to no torques What 
if L is perpendicular to 

5. A paiticle falls from infinity to the earth Show that it 
strikes the earth with a speed of approximately 7.0 miles per 
second Use the principle of woik and energy 

97. Rigid Bodies. By a ngid body we mean a system of 
particles such that the relative distances between pairs of points 
remain constant during the discussion of our problem Actually 
no such systems exist, but for piactical purposes there do exist 
such rigid bodies, at least to a first approximation Moreover, 
the rigid body may not consist of a finite numbei of particles, but 
lathei will have a continuous distribution, at least to the unaided 
eye. We postulate that we can subdivide the body into a great 
many small parts so that we can apply oui laws of motion foi 
particles to this system, this postulate implying that we can use 
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the mtegial calculus Our laws of motion as derived above take 
the following form 

T = J j j dr, p = density 

/ // prdT 
1 1 1 pdT 


J J J f«dr = 

R 

H = j j j pt xv dr 
J R 

— = L (I > = [ f [ r x f« dr 

dt J l J 

where i M is the external force per unit volume 

98. Kinematics of a Rigid Body. Let 0 be a point of a rigid 
g body for which 0 happens to be fixed 

/ It is easy to piove that the velocity 

/ of any other point P of the body must 

f '-x /v(P) = v P be peipendicular to the line joining 0 

\ / to P, foi if r is the position vector 

from 0 to P, we have r • r = con- 
/ — ' stant throughout the motion so that 




4 r = o 

dt 


QED 


/ We next prove that if two points 

of a ligid body are fixed, then all 
other particles of the body are rotat- 
ing around the line joining these two 
p 1G 84 points Let A and B be the fixed 

points and P any other point of the 
From above we have 


v(P) • AP = v(F) • BP = 0 

so that P is always moving perpendicular to the plane ABP 
Moreover, since the body is rigid, the shortest distance from P 
to the line AB lemams constant, so that P moves in a circle 
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around AB (Fig 84) We saw in Sec 10 that the velocity of P 
could be written 

v P = o x r P 


Is o) the same for all particles’ Yes' Assume Q is rotating 
about AB with angular velocity on, so that v 9 = u, x r Q . Now 
(i> — r s ) 2 = constant, so that 


or 

Thus 

and 


(jp - r Q ) ■ (v P - v Q ) = 0 


(fp — r q) • (u x ip — Bi x Tq) = 0 


— r 9 • o> x Tp tp • o>l xr s = 0 


r 9 x tp • ((i>i — (o) = 0 


We leave it to the reader to conclude that ui = « 



If one point of a rigid body is fixed, we cannot, in general, hope 
to find a fixed line about which the body is rotating However, 
there does exist a moving line passing through the fixed point so 
that at any instant the body is actually rotating around this line 
The proof proceeds as follows Let 0 be the fixed point of our 
rigid body and let r A be the position vector to a point A From 
above we know that the velocity of A, v A , is perpendicular to 
r A . Construct the plane through 0 and A perpendicular to Vu 
(Fig 85) Now choose a point B not in the plane We also 
have that • r fl = 0, so that we can construct the plane through 
0 and B perpendicular to v B . Both planes pass through 0, so 
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that their line of intersection, l, passes through 0 Now con- 
sider any point C on this line We have Vc • ?c — 0 Moreover, 
(r c — r A ) • (r a — r A ) = constant, so that 

(r e - r A ) • (vc - Vx) = 0 

and (r 0 — r A ) • v c = 0, since v A is perpendicular to (r c - r A ). 
Similarly (r c - r B ) • v c = 0 Hence the projections of v c m 
three directions which are nonplanar are zero This means that 



v c = 0, so that we have two fixed points at this particular 
instant Hence fiom the previous paragraph the motion is that 
of a rotation about the line l. If o> is the angular-velocity vector, 
then v, = w x r„ where r, is the vector from 0 to the j th particle 
Now let us consider the most general type of motion of a rigid 
body Let represent a fixed coordinate system in space, 

and let 0-x-y-z represent a coordinate system fixed m the rigid 
body (see Fig 86) Let p, and r, lepresent the vectors from O' 
and 0 to the jth particle, and let a be the vector fiom O' to 0. 
We have p, = a + r„ and differentiating, 


dt 


da. dr, 

dt dt 
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Now —r represents the velocity of P, relative to 0 This means 
at 

0 is fixed as far as P 3 is concerned, and from above we know that 


-=oixij. Thus 


dg, da. 

v ' = Tt + “* r ’ 


(352) 


that is, the most general type of motion of a ligid body is that of 
da 

a translation — plus a rotation <o x r,. 
at 

We next ask the following question If we change our origin 
from 0 to, say, 0" does u change ? (Fig 87 ) The answer is 
“No” 1 Let b be the vector 


But 

and 

Thus 



dsi 

v, = — + o» x (b - a) + «i x (a — b) + x r, (353) 
at 


Subtracting (352) from (353), we obtain 


(o — oi) x (b — a) + (ui — id) x r, = 0 
or 

(to — <di) x (b — a — i,) = — (cj — 0 ) i) x i," = 0 

We can certainly choose an r," ^ 0 and not paiallel to the vector 
id — idi, at any particular instant Hence o>i = u. 

Problems 

1 Show that if Tj and r 2 are two position vectors from the 
origin of the moving system of coordinates to two points in the 
. , , dii dii 

rigid body, then r 2 • — — f- r 2 ■ — = 0 
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2 A plane body is moving m its own plane Find the point 
in the body which is instantaneously at rest 
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3 Show that the most gen- 
eral motion of a rigid body is 
a tianslation plus a rotation 
about a line parallel to the 
translation 

99. Relative Time Rate of 
Change of Vectors Let S be 
any vector measured in the 
moving system of coordinates 
(Fig 88) 

S = iSji + S,i + S 2 k (354) 


To find out how S changes with time as measured by an observe! 
at O', we differentiate (354), 


dS 

dt 


dS x . . dS v dS t .in ^ i o i ci 

= ~ 1 H — TT 1 + ~LT k + b* — + b v — + bz — 
dt dt dt dt dt dt 


(355) 


We do not keep l, j, k fixed since i, j, k suffer motions relative to 

di 

O' But we do know that — is the velocity of a point one unit 

dt 

di dj 

along the x axis, relative to 0 Hence — = w x i, — = o> x j, 


dk 

dt 


= uxk. Hence (355) becomes 


dS dS x . dSy , dSi / c> • i o • , o i \ 

dt = if 1 + it 1 + ti: k+l * x {Szl + + SJt) 


and 


dS DS 

j, -n + “* s 


(356) 


, DS 

where — represents the time rate of change of S relative to the 
dt 


moying frame, for S x is measured in the moving fi ame and so 


dS* 

di 


is the time rate of change of S x as measured by an observei in the 
moving frame 
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Intuitively, we expected the result of (356), for not only does S 
change lelative to 0, but to this change we must add the change 
m S because of the rotating frame The reader might v ell ask, 
What of the motion of 0 itself ? Will not this motion have to be 
considered? The answei is “No,” for a translation of 0 only 
pulls S along, that is, S does not change length oi dnection if 0 
is translated It is the motion of S relative to the frame O-x-y-z 
and the rotation about 0 that pioduce changes in S. 


Problems 


1 


do> 

Show that — 
di 


Du 

dt 


2 

3 


For a puie translation show that 

From (356) show that 7 = u x l. 

dt 


dS 

dt 


DS 

dt 


100. Velocity. Let P be any 
be the position vcctois to P 
from O' and O, respectively 
(see Fig 89) Obviously 
p = a + r, so that 

_ dg _ da dr 

dt dt dt 

Now r is a vector measured m 
the O-x-y-z system, so that 

(356) applies to r. This yields 

dx Di 

— = — - + (o x r and 


point in space and let p and r 
z 



dp da Di 

v_ d« = ¥ + “ xr + 7t 


(357) 


This result is expected — is the drag velocity of P, u x r is 

dt 

the velocity due to the rotation of the O-x-y-z frame, and — is 

at 

the velocity of P relative to the O-x-y-z frame The vector sum 
is the velocity of P relative to the fiame O'-f-tj-f 



210 


VECTOR AND TENSOR ANALYSIS 


[Sec 101 


101. Acceleration. In Sec 100 ive saw that 


do da. , Dr 

v = — = — + wx r + — 
dt dt dt 


To find the acceleration, we differentiate (357) and obtain 

dv _ d 2 e _ (Pa d d / Dr \ 

dt dt 2 dt 2 dt X dt\dt/ 


(358) 


We apply (356) to o> x r and obtain 

4 (“ x r ) = o x (to x r) + — (to x r) 
dt dt 

Similarly 

d / Dr\ _ Dr D / Dr\ 
dt\di ) 03 * dt dt\dt) 

so that (358) becomes 


dP 


d 2 a . do , _ Dr D 2 r 

- 5 r + “*(“« r ) + s *r + 2»x- + — 


(359) 


Let us analyze each term of (359) If P were fixed relative 

Dr D 2 r 

to the moving frame, we would have — = — - - 0 and conse- 

dt dP 

quently P would still suffer the acceleration 


d 2 a . dw 

- + ox { aitI ) + - x x 


This vector sum is appropriately called the drag acceleration 
of the particle Now let us analyze each term of the drag accel- 
eration If the moving frame were not rotating, we would have 

d^$L 

<o = 0, and the drag acceleration reduces to the single term — 

dt 2 

This is the translational acceleration of O relative to O'. Now in 
Sec 84 we saw that <o x (to x r) represented the centripetal accel- 
eration due to rotation and x r represented the tangential 

dt 

component of acceleration due to the angular-acceleration vector 
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" We easily explain the term as the acceleration of P 
dt dc 


relative to the O-x-y-z frame 


What, then, of the term 2o> x — ? 

dt 

This term is called the Coriolis acceleration, named after its dis- 
coverer We do not try to give a geometrical or physical reason 
for its existence Suffice to say, it occurs m Eq (359) and must 
be considered when we discuss the motion of bodies moving over 
the earth’s surface Notice that the term disappears for par- 
ticles at rest relative to the moving frame, for then —r = 0 It 

dt 

also does not exist for nonrotating frames 
Now Newton's second law states that force is proportional 
to the acceleration when the mass of the particle remains con- 
stant It is found that the frame of reference for which this law 

holds best is that of the so-called “fixed stars ’’ We call such a 

frame of reference an inertial frame Any other coordinate 
system moving relative to an inertial frame with constant velocity 

is also an inertial frame, since from (359) we have ^ 

do dl 

, „ „ da d 2 a 

because u = 0, — = 0, — = constant, — = 0 

dt dt dP 

Let us now consider the motion of a particle relative to the 

earth If f is the vector sum of the external forces (real forces, 

^2 £ 

that is, gravitation, push, pull, etc ), then — = — > and (359) 

at 2 ™ 


m 


becomes 


D 2 r d 2 a Dr f 

= “xr)--xr-2ox- + - 

dP dt 2 dt dt m 


(360) 


This is the differential equation of motion for a particle of mass 
m with external force f applied to it 
Example 108 Let us consider the earth as our rotating frame 
The quantity u x (u x r) is small, since |<o| ~ 27r/86,164 rad/sec, 
and for a particle near the earth’s surface, |r| ~ (4,000) (5,280) 
do d~CL 

feet Also — « 0 over a short time, — * 0 over a short time, 


dl 


dt 2 
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so that (300) becomes 
D 2 r 


Dt f 

dr- = 


(361) 


co 


Now consider a lieely falling body staitmg fiom a point P at 
rest relative to the earth Let the z axis be taken as the line 

joining the center of the earth 
to P, and let the x axis be 
taken perpendicular to the z 
axis m the eastward direction 
We shall denote the latitude 
of the place by X, assuming 
X > 0 The equation of mo- 
tion in the eastward direction 
is given by 



d*x n ( DA 




that 




Now f (force of attraction) 
has no component eastward, so 

We do not know but to a hist approxima- 


dx 

tion it is — -J- — l. 

at 


(see Fig 90) Hence ( y x — ) = 

dt J e 


Moreover, y = to sin X k + o> cos X j 
Dr\ 


-w gl cos X, and 


d 2 x 

dF 


= 2 <agt cos X 


(362) 


If the particle remains in the vicinity of latitude X, we can keep X 
constant, so that on integrating (362), we obtain 


dx 

— = Ixigp cos X 
dt 

ugP 

x = —— cos X 

O 


(363) 


(363) is to a first approximation the eastward deflection of a 
shot if it is dropped in the Northern Hemisphere If h is the 




1. Show that the winds m the Northern Hemisphere have a 
horizontal deflecting Coriolis acceleration 2uv sm X at right 
angles to v. 

2. A body is thrown vertically upward Show that it strikes 
the ground %uh cos X ( 2 / 1 / 0 )* to the west 

3 Choose the x axis east, y axis south, z axis along the plumb 
line, and show that the equations of motion for a freely falling 
body are 

d?x , „ . dz „ dy 

— + 2m sm 6 — 2to cos 9 — = 0 

di 2 di dt 


d*y 
dt 2 


dv 

+ 2oi cos 6 — = 0 
dt 


d*z 

dt 2 9 


dx 

2a> sm 8 — = 0 
dt 


where 6 is the colatitude 



Pig 91 


4. Using the coordinate system of Prob 3, let us consider the 
motion of the Foucault pendulum (see Fig 91) 

Let ii, i 2 , is be the unit tangent vectors to the spherical curves 
r, 9, (p. We leave it to the reader to show that the acceleration 
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along the i 3 vector is 2 cos 9 tp6 + sin 9 tp when the string is of 
unit length. The two external foices aie mgk along the z axis and 
the tension in the stung, T = —Tt= — 7'n We rvish to find 
the component of these foices along the i 3 direction T has no 
component in the i 3 direction Now k • i 3 = 0, so that mgk has 
no component along the i 3 dnection Finally, we must compute 

Dr 

the is component of — 2<o x — • The velocity vector is 


Dr . 

— -j- bin 6 (pu 
at 

Also <o = «(— cos X j — sm X k), so that we must find the rela- 
tionship between i 1} i 2 , i 3 and i, j, k. 

Now 

r = ii = sm 6 cos tp i -f- sm 9 sin tp j cos 6 k 

i 2 = — = cos 6 cos <p l + cos 0 sm <p j — sin 9 k 
36 

l aii 

la = y— ; — = - sin tp l + cos tp j 


Thus 


sin 6 dtp 

i = (i • ii)ii + (i ■ 12)12 + (1 • 13)13 

= sin 6 cos tp ii -f cos 9 cos tp i 2 — sm tp i 3 

j = sin 6 sin tp i t + cos 6 sm p i 2 -f- cos tp i 3 

k = cos 9 ii — sm 6 i 2 


„ Dr „ 
-2w x — = 2o> 
at 


ii i 2 i 3 

cos X sm 0 sm tp cos X cos 6 sin tp cos X cos tp 

+ sm X cos 8 — sm X sm 9 

0 6 sin 9 <p 


and 


^-2u x — ^ = $(sm X sin 6 sm tp -f sm X cos 6) 
Equation (361) yields 

2 cos 0 <pd + sin 9 tp = 2<o(0 sin X sm 6 sm <p + 0 sm X cos 6) 


( 364 ) 
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For small oscillations, sin 6 « 0, and (364) reduces to 

<p = oi sm A (365) 

Hence the pendulum rotates about the vertical in the clock- 
wise sense when viewed from the point of suspension with an 
angulai speed cc sin X At latitude 30° the time foi one complete 
oscillation is 48 hours 

5 Find the equation of motion by considenng the i 2 compon- 
ents of (361) for the Foucault pendulum 
102 Motion of a Rigid Body with One Point Fixed. The 
motion of a ligid body with one point fixed will depend on the 
foices acting on the body Let O-x-y-z be a cooidmate system 
fixed m the moving body, and let 0-£- r/-f be the coordinate system 
fixed m space 0 is the fixed point of the body In Sec 94 we 

saw that ^ — Lo. Now Ho r = J J J r x p — dr. We can 

replace ~ by <o xr(u unknown). Thus 
at 

H 0 r — j j j pr x (u x r) dr 

R 

= / / / p[? 2 0 > - (r • «)r] dr (366) 

it 

Let 

co = «*i -f- coy] -f- a’,k 
r = xi + yj + zk 

so that 


r 2 o) — (r u)r = 


We thus obtain 


(x 2 + y 2 + z 2 )(«* i + w„j + oj z k) 

+ (xw x + yu tt + zu,)(xi + yj + zk) 
[( y 2 + - xyoiy - arzcoji 

+ [ — nywx + (z 2 + s 2 )^ — yzoi z ]j 

+ [—xzu x — yza> y + ( x 2 + y 2 )w 2 ]k 


H 0 r — iMJ Jp(y 2 + z 2 ) dr — «„/ | /pry dr — ui 2 J j J pxz dr] 

+ J {-Uxj j fpty dr + UyJJ/p(z 2 + X-) dr - u„f / fpyzdr] 

+ k [-Wx/J/pxsdr - co v /JJpyzdr wj J /p(m 2 + y ! ) dr] (367) 
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A = JJJpQ/ 2 + * ! ) dr 
B = | JJp(z 2 + X 2 ) dr 
C = J7/p(z 2 + y 2 ) dr 

D = jjjpyz dr 
E = f^pzxdr 

F = ]))p*y dT 
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(368) 


are independent of the motion and are constants of the body 
That they are independent of the motion is seen from the fact 
that for a particle with coordinates x, y, z, the scalars x , y t z 
remain invariant because the O-x-y-z frame is fixed in the body 
The quantities A, B, C are the moments of inertia about the 
x, y, z axes, and D, E, F are called the products of inertia We 
assume the student has studied these integrals m the integral 
calculus 


Now from Sec 99 we have 


dEo r DE 0 r 


dt 


dt 


-f co x H 0 r so that 


Z)Ho r 

L 0 — — b u X Ho 

dt 


Hence 


W + L„j + Uc = i (a ^ - F ^ - E ~j) 


+ j 
+ k 


<(• 


.p ^2 + B _ D 

dt dt dt 


du„ dw. 
D dt +C dt 


\ dt 


+ 


k 

03, 


Au x — Fu y ~ Ewe, —FuxA’Buy — D&1, — Eo) x — Dcoy+Cou 

(369) 


In the special case when the axes are so chosen that the 
products of inertia vanish (see Sec. 107), we have Euler’s cele- 
brated equations of motion 
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L X = A~ + (C- bk«, 
dt 

L v = B ^ + (A - 0)0*0* (370) 

L, = C ~ + (B - A)*,** 
at 


103. Applications. If no torques aie applied to the body of 
Sec 102, Euler’s equations reduce to 

(i) A 4 (C — BKco, = 0 

(li) B ^ + (A - C)o> jWl = 0 (371) 

(in) C lu +iB ' A)wzUv = 0 

Multiplying (i), (u), (m) by co*, w„ respectively, and adding, 
we obtain 

d«* d<fi y , n du> * a 

Aw* — + Boiy-j- + 0o> - — 0 
dt at dt 

Integrating yields 


A co* 2 + Bm,/ + C'co* 2 = constant (372) 


This is one of the integrals of the motion We obtain another 
integial by multiplying (i), (n), (m) by Aco ± , Bio v , Cu z , and adding. 
This yields 


diiix ’dwii dco, 

A 2 co* — 1 + B^y — * + cv — 1 = 0 
cm at at 


so that 


A 2 co* 2 4- B 2 Wy 2 + C 2 co* 2 = constant (373) 


If originally the motion was that of a rotation of angular 
velocity co about a principal axis ( x axis), then initially 
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«,(0) = Wo 

«»(0) = 0 (374) 

w 2 (0) — - 0 


and we notice that (371) and the boundary condition (374) are 
satisfied by 

w*(£) = wo 

« j /(0 - 0 

w t(t) = 0 


so that the motion continues to be one of constant angular 
velocity about the x axis Here we have used a theorem on the 
uniqueness of solutions for a system of differential equations 
Now suppose the body to be rotating this way and then 
slightly distuibed, so that now the body has acquired the very 
small angular velocities w„, w 2 We can neglect w„w 2 as compared 
to w„w 0 and w 2 w 0 Euler’s equations now become 


B ~~ (A — C)q} z G1 0 — 0 
at 

C ~ + (B — A)w„wo = 0 

wo = constant 


(375) 


Differentiating the first equation of (375) with respect to time 

and eliminating we obtain 
at 


, (A - C){A - B ) 

B — 4 “o 2 w„ = 0 (376) 


If A is gi eater than B and C or smaller than B and C, then 
, s _ (A - C){ A — B) 


a* = 


> 0, and the solution to (376) is 
w y — L cos ( at + a) 


aBL sin (at + a) , 

Also w 2 = — — by replacing w„ in (37 5) 


wo (A - C) 
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Problems 


1. Solve the free body with A = B for u X) u„, 

2 A disk (B = C) rotates about its x axis (perpendicular to 
the plane of the disk) with constant angular speed u 0 A con- 
stant torque L 0 is applied constantly in the y direction Find 

and o>z 

3 Show that a necessary and sufficient condition that a rigid 
body be in static equilibrium is that the sum of the external 
forces and external torques vanish 

4 A sphere rotates about its fixed center If the only forces 
acting on the sphere are applied at the center, show that the initial 
motion continues 

5 In Prob 2 a constant torque L 0 is also applied in the z 
direction Find <o v and « 2 

104. Euler’s Angular Coordinates. More complicated prob- 
lems can be solved by use of Euler’s angular coordinates Let 
O-x'-y'-z' be a cartesian coordinate system fixed in space, and 
let O-x-y-z be fixed in the moving body (Fig 92) 

The x-y plane will intersect the x'-y' plane in a line, called the 
nodal line N Let 6 be the angle between the z and z' axes, 
4 the angle between the x' and N axes, and ip the angle between 
the nodal line and the x axis The positive directions of these 
angles aie indicated in the figure 

The three angles f, 6, ip completely specify the configuration 
dip 

of the body Now — represents the rotation of the O-z'-N-T' 
di 

dg 

frame relative to the O-x'-y'-z' frame, — represents the rotation 

at 

of the O-z-N-T frame lelative to the O-z'-N-T' frame, and finally, 

dip 

— represents the rotation of the O-x-y-z fiame relative to the 
at 


O-z-N-T frame 


d\\ d9 

Tnerefore — + — — | — - gives us the angular 
ut dt dt 


velocity of the O-x-y-z frame relative to the fixed O-x'-y'-z' frame, 
and 
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The three angular velocities are not mutually perpendicular. 

We now define i, j, k, i', j', k', N, T', T as unit vectors along the 
x, y, 2, x\ y' , z', N, T' , T axes, respectively Thus 


U -§k' + fn + £k 

at at at 


— o.i-i -f- u v j -f- w 2 k 

= C0 r 'i / -f- dly'j' -j- avk' 


( 378 ) 



Now it is easy to veiify that 

i = cos <p N + sin <f> T 
j = — sin (pH + cos <p T 
T = cos i {/ N - sin i/- T' 
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so that 


j' = sin i/' N + cos tp T' 
l • k' = sm ip T • k' = sin tp sm 8 
j • k' = cos tp T * k' = cos <p sin 8 


co I = o- i= ^k'-i-i-^N-i + “k-l 


dt 

= sin tp sin 


dt 

dp d0 

s + C0S -s 


dt 


d*p 


dd 


= cos <p sm 6 — sm tp — 

dt dt 


= COS 


g&t 

dt dt 


Rewriting this, we have 


dtp dO 

o3 x = — sm 0 sm tp + — cos tp 

dt dt 

dtp dd 

«„ — — sm 0 cos tp — — sm tp 

dt dt 

dtp dtp 

a z = cos 6 + — 
dt dt 


(379) 


Also 

CO 2 = Ii), ! + 0)y 2 + ClJj 2 

For the fixed frame 


/ dtp \ 2 (do\ 2 (dtp's* 
\dt) ^ \dt) \dtj 


dtp dtp 


+ 2c ° se itit (380) 


do dtp 

&v = w l = cos tp - — [- sm tp sm 0 — 
dt dt 

, do dtp 

u,,' = u • ] = sm tp cos tp sin 0 — 

dt dt 

, / dtp dtp 

&y = ci • k' = — + cos 9 — 
dt dt 


(381) 


105. Motion of a Free Top about a Fixed Point. Let us 

assume that no toiques exist and that the top is symmetric 
(A = B) Euler’s equations become 
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(i) A. + (C — A)a> v <jiz — 0 

(n) A^f+ (A- C)co^z = o (382) 

dl 

si _ 

(“) G Tt~ Q 

Integrating (in), we obtain = wo, = constant Multiply (n) 
by i = V— I and add to (i) We obtain 

A (aij -|- Kdy) -f- (C A )o,^(oty lOlx) — 0 

dt 


A — (u, + IWy) — iUO (C — .d.)(w, + ICdy) 
at 

Integrating, 

w* + iwk = ae^ c ~ A)/ ^ u ‘‘ 

so that 

«* = a cos at 

u v — a sin at (383) 

where a = [(C — A)/A]^ and a is a constant of integration 
Now w 2 = cox 2 + w„ 2 + u a 2 = a 2 + wo 3 = constant, so that the 
magnitude of the angular velocity remains constant duung the 

motion Moreover, — = 0, so that H is a constant vector m 
dt 

fixed space We choose the z' axis for the direction of H. Now 

H = Aoj x i d - Bwy] ~i~ Cai 2 k 

= Act cos at i d - Act sm at j + Cu 0 k (384) 


This shows that H rotates around the z axis (of the body) with 
constant angulai speed a = [(C — A)/A]o> 0 , and since H is fixed 
in space, it is the z axis of the body which is rotating about the 
fixed z' axis with constant angular speed —a - [(4 — C)/A]u 0 
Also H ■ k = \H\ cos 9 = Cwo, so that 0 is a constant since 
|#| = constant Wc say that the top precesses about the z' axis 
106. The Top ( Continued ), We have assumed above that the 
weight of the top or gyroscope was negligible, or that the gyio- 
scope was balanced, that is, suspended with its center of mass 
at the point of support, so that no torques were produced We 
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shall now assume that the center of mass, while still located on 
the axis of symmetry, is not at the point of support We now 
have the following situation (Fig 93) 

L = Zk x(-Wk') 

= Wl sin 6 N 

The three components of the torque are 

L x = Wl sin 6 cos 
L y = — Wl sm 6 sm tp 
L, = 0 


z' 



Euler’s equations become 

doj x 

Wl sin d cos <p = A — — \- (C — A)aj v co, 
at 

— Wl sin 6 sin <p = A + (A — C)u x ta x (385) 

0 = C ^ for A = B 
dt 

Hence w, a Multiplying Eqs (385) by u x , w„, u,, respec- 
tively, and adding, we obtain 
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From (379) we have u, coa <p — sin <p = — > so that (386) 
becomes 

— — (Aw* 2 + Bu i„ 2 + Cu a 2 ) = W7 sm 0 — 

2 di 


and integrating 


AojJ + Boiy 2 + GV, 2 = — ‘AWl cos 8 + k 
or, again using (379), 

(f)’ 9 + ©’ = (387) 

a and a are constants 

Now since Lj — L • k' = 0, we have H,> = constant Also 
H = Au x i + Buy] + Cu, k, so that 

H,’ = H ■ k' = Aoi x sin 9ain? + Aui y cos <p sin 9 + C'w 0 cos 6 

= constant 

Replacing u, and ui y by their equals fiom (379), we have 

( dip dd dip 

A I — sin 2 9 sm 2 </> + — sm <p sm 8 cos ip + — cos 2 <p sm 2 9 

\dt dt dt 


— cos <p sm <p sm 6 ) + Cu 0 cos 6 = constant (388) 
dl / 


or A -7- sm 2 0 + Coi 0 cos 6 = constant = H* 
dt 

Let /3 = H z '/ A, b = Cw 0 /A, so that (388) becomes 

dp _ /3 — b cos 9 
dt sm 2 0 


From (379) 


dp dip 

= «o = — cos 9 + — 
dt dt 


Using (389), (387) becomes 


— 6 cos 8 


V /de\- 

) + \7t) =a ~ acosB 
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Let z = cos 6. so that — = — sin 0 — > and 
at at 

/dz\ 2 

05 ~ ^) 2 + yjJ = (a - a«) (1 - z 2 ) 

Hence 

t = J Q ‘ [(a - a*) (1 - z 2 ) - (13 - bz)T h dz (392) 

This mtegial belongs to the class of elliptic integrals If we can 
integrate and find z, then we shall know 

d\p (3 — bz dtp dtp 

dt 1 — z 2 dt U ° dt 2 


The reader should look up a complete discussion of elliptic 
integrals in the literature 


z 



107 Inertia Tensor. The moment of inertia of a rigid body 
about a line through the origin may be computed as follows 
Let the line L be given by the unit vectoi r 0 = Zi + mj + nk, 
and let r be the vector from 0 to any point P in the body, 

r = xi -f yj 4- zk 

(see Fig 94) The shortest distance from P to L is given by 
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.D 2 = r 2 - (r • r 0 ) 2 

= (z 2 + y 2 + z 2 ) - (lx + my + rcz) 2 
= (i 2 + rtP + n 2 ) (a; 2 + y 2 + 2 2 ) - (lx + my + nz) 2 
= Z 2 (y 2 + z 2 ) + m 2 (z 2 + z 2 ) + n 2 (z 2 + y 2 ) - 2 mnyz 

— 2lnzx — 2lmxy 

Thus 

7 = JJ/pD 2 dz dy dx 

= AZ 2 + B?iP + Cn 2 - 2wmZ) - 2rtZS - 2ZW/' 1 

Let us replace Z, m, n by the variables x, y, z, and let us consider 
the suiface 


<p(x, y, z) = Ax 1 + By 2 + Cz 2 — 2 Dyz — 2Ezz — 2/'’zy 

= 1 (393) 

A line L through the origin is given by the equation x = It, 
y = ?nt, z = nt This line intersects the ellipsoid <p(x, y, z) = 1 
for t satisfying 

(AZ 2 + Bin 1 + CrP — 2 Dmn — 2nlE — 2lmF)P = 1 

or Z 2 = 1/7. The distance from the origin to this point of inter- 
section is given by 

d = (Z 2 Z 2 + m 2 Z 2 + n 2 Z 2 ) 5 = Z = 7“ } 

so that 


7 = 


1 _ 

d 2 


(394) 


We know that a rotation of axes will keep 7 fixed, for the line 
and the body will be similarly situated after the rotation We 
now attempt to simplify the equation of the quadric surface 
ip(x, y, z) — 1 First, let us find a point P on this surface at 
which the normal will be parallel to the radius vector to this 
point The noimal to the surface is given by V<p, so that we 
desire r paiallel to Vip, which yields the equations 

Ax - Ez — Fy By — Dz — Fx Cz — Dy — Ex , 

= — ■ (395 

x y z 

Any orthogonal transformation (Example 8) will preserve the 
form of (393) and (395) with x, y, z replaced by x' , y', z' and 
A, B, , F replaced by A', S', . . , F'. Now choose the 
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z' axis through P so that %’ = 0, y' ~ 0, z' = f satisfy (395). 
This yields —E'/0 = —D'/Q = C', which means that 

E' = D' = 0, 

and (393) reduces to 

A'Y + BY + CV* - 2F'x'y' = 1 (396) 

The rotation 

x" = x' cos 6 — y' sin 6 
y" = x 1 sin 6 + y' cos 6 
z" = z' 

with tan 2d = F'/(B' — A') reduces (396) to 

A"x"' + B"y + C"z" ! = 1 (397) 

This is the canonical form desired We have thus proved the 
important theorem that a quadratic form of the type (393) can 
always be reduced to a sum of squares of the form (397) by a 
rotation of axes In the proof we made the assumption that 
there was a point P such that r is parallel to V<p, which yielded 
(395) We could have arrived at Eqs (395) by asking at what 
point on the sphere x 2 + y 2 -f z z = 1 is <p(x, y, z ) a maximum 
Since <p(x, y, z ) is continuous on the compact set 

x 2 + y 2 + z 2 = 1 

such a point always exists Equations (395) are then easily 
deduced by Lagrange’s method of multipliers 
We can arrange the constants of inertia into a square matrix 

f A -F -E\ 

I = I —F B -D ) (398) 

\-E -D C/ 

The elements of the matrix (an array of elements) are called the 
components of I Under a proper rotation we have shown that 
we can write 

I A" 0 0 \ 

I = ( 0 B" 0 ) 

\0 0 C"J 


( 399 ) 
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In general, under an orthogonal transformation, I will become 

(400) 

and the components of I m (400) will be related to the compon- 
ents of I in (398) according to a certain law We shall see in 
Chap 8 that I is a tensor and so is called the inertia tensor. 
Referring back to (367), we may write 


A' 

—F' 

-E 1 ' 

—F' 

B' 

—D 1 

—E' 

—D' 

C’, 



A -F -E' 
B -D 



(401) 

,-E -D Cj 
from the definition of multiplication of matnces, where 
Ho r = H x i + H v j + // 2 k 

<i> = 6)^1 + Ci)„j -|- <o z k 

(h l h l i A 

If we write (398) as I I i 1 I A Fi 1 ) and 

Vi 3 I 2 S IA 
H 0 r = ffii + H* j + H 3 k 

o) = oni + w s j + 013 k, then (367) may be written 

3 

II, = £ h"** j = 1, 2, 3 (402) 


which is equivalent to the matrix form (401) 


Problems 

1 Find the moments and products of inertia for a uniform 
cube, taking the cube edges as axes. 

2 Show that the moment of inertia of a body about any line 
is equal to its moment of inertia about a parallel line through the 
center of mass, plus the product of the total mass and the square 
of the distance from the line to the center of mass 

3 Find the angular-momentum vector of a thin rectangular 
sheet rotating about one of its diagonals with constant angulat 
speed ojq 
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3 “ 

H t = l IfX, fy = t V“* 

« = 1 a = 1 


a = l 
3 


a 

Efi = X = 2 a ^°> P “ 1( 3 ’ 3 

«-l 

for arbitrary u a , show that 

Y fyV = X I«V> fit c ~ ^ 2 > 3 

a=l a al 

5, Let us consider the form 

I a x* + 9j/ 2 + 18s 2 - 2xy - 2ra + 18y« 

We may write 

I = (r 2 - 2ry - 2xi) + W + 18ya + 18^ 
b (* - y - 2 ) 2 + 8y ! + 16ys + 17« 2 
= (t - y - z) 2 + 8(y + z) 2 + 

= P+h ! + -Z ! 

where I * * - y - e, F = V8 (y + z), 2 ■ a set of linear 

transformations fiom *, y, 1 to X, Y, l 
This method may be employed to reduce any quadratic form 
to normal form However, the linear transformations may not 
be a rotation of axes Reduce I to noimal form by a rotation ot 

axes 



CHAPTER 7 

HYDRODYNAMICS AND ELASTICITY 

108. Pressure. The science of hydrodynamics deals with the 
motion of fluids We shall be interested in liquids and gases, a 
liquid or gas being defined as a collection of molecules, which, 
when studied macroseopically, appear to be continuous in struc- 
z ture A liquid differs from a 

solid in that the liquid will 
yield to any sheanng stress, 
however small, if the stress 
is continued long enough 
All liquids are compressible 
y to a slight extent, but for 
many purposes it is simpler 
to consider the liquid as being 
incompressible We shall 
also be highly interested m 
perfect fluids These aie 
liquids which possess no shearing stresses 
We now show that the pressure is the same m all directions 
for a perfect fluid Let us consider the motion of the tetra- 
hedron ORST (see Fig 95) The face ORT has a force acting 
on it, since it is in contact with other parts of the liquid Undei 
the above assumption, this force acts normal to the face Call it 
A/, If we divide A /„ by the area of the face ORT, A A v , we 



A fy 

obtain the pressure on tins face, P v = — j- 


The limit of this 


quotient is called the pressure m the direction noimal to the face 
ORT The y component of the pressure on the face RST is 
P n cos /3 Let f y be the y component of the external force pei 
unit volume, and let p be the density of the fluid The equation 
of motion m the y direction is given by 


P v AA V - P n cos fS AA„ + f v At 


= — ip At — ^ 
dtX dll 

A ^ 

= p At — 
di 1 


(403) 
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d dm 

since — (p Ar) = — = 0. Now A = A A n cos /3, so that (403) 


becomes 


(P v Pn) + fi 


— = — Ar^) 
AA U A A y dt\ dl) 


(404) 


As AA„ — * 0, we have 


Ar 
A Ay 


■ 0, so that if we assume /„, 


d 2 y 
dt 2 ’ P 

finite, we must have P y = P„ Similarly, P„ = P x = P z = p 
Since the normal n for the tetrahedron can be chosen arbitrarily, 
the pressure is the same in all directions and p is a point function, 
p = p(x, y, z, t ) We leave it to the student to prove that at the 

boundary of two perfect fluids the pressure is continuous 
109. The Equation of Continuity. Considei a surface S bound- 
ing a simply connected legion lying entirely inside the liquid 
Let p be the density of the fluid, so that the total mass of the fluid 
inside S is given by 

M = / / / p(x, y, z, t) dT 

R 

Differentiating with respect to time and remembering that x, y, z 
are variables of integration, we obtain 


dM 

dl 


-III 


dp 

dt 


dr 


(405) 


Now there are only three ways m which the mass of the fluid 
inside S can change (1) fluid may be entering or leaving the 

surface The contribution due to this effect is j j vp • dd. 

1 s J 

(2) matter may be created (source), or (3) matter may be 
destroyed (sink) Let f (x, y, z, f) be the amount of matter 
created or destroyed per unit volume For a source, f > 0, and 
for a sink, \(/ < 0. The net gam of fluid is therefore 


///♦*-// pv • dd 


(406) 


Equating (405) and (406) and applying the divergence theorem, 
we obtain 
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-7 + V • (pv) = \Kx, y, z, t ) 
dt 


(407) 


This is the equation of continuity For no souice and sink, 
(407) reduces to 

Bp 

■£ + V • (pv) = 0 (408) 

ot 


If fuithermore the liquid is incompressible, p = constant, 
dp 

— = 0, and (408) becomes 
dt 

V • v = 0 (409) 


If the motion is irrotational, that is, if jFv • dr — 0, then 
v = Vip, so that the equation of continuity lor an mcompi essible 
fluid possessing no souices and sinks and having irrotational 
motion is given by 


VV = 0 (410) 


We call <p the velocity potential We solve Laplace’s equation 
for ip, then compute the velocity fiom v = Vip. 


Problems 

1 If the velocity of a fluid is radial, u = u(r, i), show that the 
equation of continuity is 


dp 


dp p d 


— + m — + - - (r 2 w) = \f/(r, t ) 


Solve this equation for an incompressible fluid, if ^(r, t) = 1 /r 

y 


2. Show that v = -^5-, + fr* - j + 


k is a 


(z 2 + y 2 ) 2 (i* + y 2 ) 1 x 2 + y 2 

possible motion foi an incompi essible perfect fluid Is this 
motion irrotational ? 

3 Prove that, if the normal velocity is zeio at every point 
of the boundary of a liquid occupying a simply connected region, 
and moving irrotationally, <p is constant throughout the interior 
of that region 
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4. Prove that if <p is constant over the boundary of any simply 
connected region, then < -p has the same constant value throughout 
the interior 

5 Express (407) in cyhndiieal coordinates, spherical coordi- 
nates, rectangulai coordinates 

110. Equations of Motion for a Perfect Fluid. Let us consider 
the motion of a fluid inside a simply connected region of volume 
V and boundary S The forces acting on this volume are 

(1) external forces (gravity, etc), say, f per unit mass; (2) 
piessure thrust on the surface, — p dd, since dd points outward 
The total force acting on V is 

F = f j j pf dr — I J pdd = f j J (pf - Vp) dr 

V S V J 


The linear momentum of V is 



pv dr 


and the time rate of change of linear momentum is 


dM 

dt 


-*///-* 

-Ilffr+IIhiw 


since the volume V changes with time. However, p dr is the 
mass of the volume dr, and this remains constant throughout 


the motion, so that — (p dr) = 0 
dt 


Since F = 


dM , . 

— —> we obtain 
dt 


Iff <*-*>*- [[I,** 


This equation is true for all V. so that 


or 


pf — Vp 


dv 
P dt 


dv , 1 

— = f - - Vp 
dt p 


( 411 ) 


This is Euler’s equation of motion 
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dv dv 

From (76) we have that — = — + (v • V)v, so that an alterna- 
dt at 

tive form of (411) is 

J + (v • V)v = f - - Vp (412) 

at p 

Also from Eq (9) of Sec 22, Vv 2 = 2v x (V x v) + 2(v • V)v, so 
that (412) becomes 

dv 1 1 

b - Vv 2 - v x (V x v) = f Vp (413) 

dt 2 P ’ 

111. Equations of Motion for an Incompressible Fluid under 
the Action of a Conservative Field. If the external field is con- 
servative, f = — Vx, so that f — (1/p) Vp = — Vfx + (p/p)] if 
p = constant. Hence (413) becomes 


v x (V x v) = -V + ~ + ^ 


We consider two special cases 

(a) Irrotational viotion v = V<p and V x v = 0, so that (414) 

becomes ^ = -V ( x + - + ^ v 2 ) 
dt \ p 2 / 

dv 

( b ) Steady motion . — = 0, so that (414) becomes 

dt 

v x (V X v) = V ^ v 2 ^ 


For this case we immediately have that 

Hence V[x + (p/p) + iv 2 ] is normal everywhere to the velocity 
field v. Thus v is parallel to the surface x + (p/p) + £v 2 = 
constant The curve drawn m the fluid so that its tangents 
are parallel to the velocity vectors at corresponding points is 
called a stieamhne. We have proved that for an incompressible 
perfect fluid, which moves under the action of conservative 
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forces and whose motion is steady, the expression x + (p/p) -j- 
^v 2 remains constant along a streamline. This is the general 
form of Bernoulli’s theorem If x remains essentially constant, 
then an increase of velocity demands a decrease of pressure, and 
conversely 


Problems 

1 If the motion of a perfect incompressible fluid is both steady 
and irrotational, show that x + (p/p) + iv 2 = constant 

dv 

2 If the fluid is at rest, — = 0 Show that V x (pf) = 0, 

and hence that f ■ V x f = 0 This is a necessary condition for 
equilibnum of a fluid Why must pf be the gradient of a scalar 
it equilibnum is to be possible’ 

3 If a liquid rotates like a rigid body with constant angular 
velocity o) = tok and if gravity is the only external force, prove 
that p/p = Wr 2 ~ gz + constant, where r is the distance from 
the z axis 

4 Write (4.11) m rectangular, cylindrical, and spherical 
coordinates 

5 A liquid is in equilibnum under the action of an external 
force f = (y + z)i + (z + x )j + (t + y) k. Find the surfaces of 
equal piessuie 

(i If the motion of the fluid is referred to a moving frame of 
refeience which rotates with angular velocity o> and has transla- 
tional velocity u, show that the equation of motion is 

1 iu in Dr D 2 r 

f Vp = — + — xr + Qx(i>)xr)f-2ox — — — — 

P dt dt dt dt 2 

and that the equation of continuity is 



7 The energy equation For a simply connected region R with 
boundary S, the kinetic energy of R is 

T = i// / pV 2 dr 
R 

Let the surface S move so that it always contains all the original 
mass of R Show that 
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dT 

dt 


-i/J/'S* 

- ii J ''■( ! -- f vp ) dr 

R 

~ fff v 'fdT-Jfp v 'd4-{-fJJ' p— (dr) (415) 


Analyze each term of (415) 

8 For irrotational flow show that 

^ = -(x + 2 + |v*) + C(0, 

dl \ P 2 / 

and if p = p(p), ~ + ~ + X + f ~p = 

112. The General Motion of a Fluid. Let us consider the 
velocities of the particles occupying an element of volume of a 

fluid. Let P be a point of the 
volume or region, and let v P 
represent the velocity of the 
fluid at P (Fig 96) The veloc- 
ity at a nearby point Q is 

Yq = Ye + dv P 

= y p + (dr • V)Vp (416) 

from (75) By (dr • V)v P we 
mean that aftei differentiation, 
the partial derivatives of v are 
calculated at P We now re- 
place dr by r for convenience, 
so that r = xi -f y] + zk if we 
consider P as the origin and x, 
y, z large in comparison with x 2 , y 2 , z 2 , zy, etc. Equation (416) 
now becomes = v P + (r • V)v P . Now 



V(r • w) = r x (V x w) + (r • V)w + w 


from (9), (10), (12) of Sec 22 
Now let 


, . <3v 

dv 

dY 

w = (r • V)v P = x — 

+ y — 

+ z — 

dx 

p dy 

p dz 


(417) 


( 418 ) 
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(r • V)w = x 


dx dv 
dx dx 


dy dv 

+ y — 

p dy dy 


dz dv 

+ 277 

|P cz dz 


= w 


dv 

We did not differentiate the — 

dx 


dv 

dv 

p dy 

"a v 

** 1 


since they have 


been evaluated at P and so are constants for the moment Thus, 
using (417), we obtain 


w = i V(r • w) + i(V x w) X r (419) 


Moreover, v = v P + w, so that V x v = V x w = (V x v) P [see 
(418)], and 


v Q = v P + x v) P x r -f £v(r • w) (420) 


It is easy to verify that r ■ w is a quadratic form, that is, 

r w = Ax 2 + By 2 + Cz 2 -f 2 Dyz + 2 Ezx + 2 Fxy 

and so by a rotation (Sec 107), we can write 

r • w = ax 2 + by 2 + cz 2 
and 

-jV(r • w) =axi + by) + czk 
We may now write (420) as 


Vq = v P + to x r -f (ax i + by) + czk) (421) 


where o> = i(V x v) P . 

Let us analyze (421), which states that the velocity of Q is the 
sum of three parts 

1 The velocity v P of P, which coiresponds to a translation of 
the element 

2 (o x r represents the velocity due to a rotation about a line 
through P with angular velocity -j(V x v) P 

3 cm + by) + czk represents a velocity relative to P with 
components ax, by, cz, respectively, along the x, y, z axes 

The first two are rigid-body motions; they could still take place 
if the fluid were a solid The third term shows that particles at 
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different distances from P move at different rates relative to P if 
we consider a sphere surrounding P, the spherical element is trans- 
lated, rotated, and stretched in the directions of the principal 
axes by amounts proportional to a, b, c Hence the sphere is 
deformed into an ellipsoid This third motion is called a puie 
strain and takes place only when a substance is deformable 
Each point of the fluid will have the three pnncipal directions 
associated with it Unfoitunately, these directions are not the 
same at all points, so that no single coordinate system will suffice 
for the complete fluid 

The most general motion of a fluid is that described above and 
is independent of the coordinate system used to describe the 
motion It is therefore an intrinsic pioperty of the fluid 

113. Vortex Motion If at each point of a curve the tangent 
vector is parallel to the vector w = 1 (V x v), we say that the 

curve is a vortex line This implies that — = — = — where 

Uy co 2 

dx, dy, dz are the components of the tangent vector and 

0) = W„1 -}- Uy J -j- Wjk 


The integration of this system of differential equations yields 
the vortex lines The vortex lines may change as time goes on, 
since, m geneial, « will depend on the time 
Let us now calculate the circulation around any closed curve 
in the fluid. 

G = f v • dr = f f (V x v) • di (422) 

r s 

If V x v = 0, then (7 = 0. This is true while we keep the curve 
T fixed in space Let us now find out how the circulation 
changes with time if we let the particles which comprise T move 
according to the motion of the fluid As time goes on, assuming 
continuity of flow, the closed curve will remain closed 
Now 



where s is arc length along the particular curve T', at some time t 
At an instant later the curve T' has moved to a new position given 
by the curve r". The velocity of the particles over this path is 
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slightly different from that over T', and, moreover, the unit 

tangents have changed The parameter s is still a variable of 
as 

integration and has nothing to do with the time Therefore 
dC r dv di , r d ( dr\ 

* -?5-** + r'5 ;w* 

Euler’s equation of motion (411) for a conservative field, 

f = -Vx 

is — = ~Vx — -Vp = — VT, where V = x + f dp/p There- 
at P 

fore 

dC r / 1 dn 2 . 

= — (p V7 • dr -f 0 - — ds 

di J J 2 ds 

= - (j) d(V - in 2 ) b 0 


(425) 


We have arnved at a theorem by Lord Kelvin that the circu- 
lation around a closed curve composed of a given set of particles 
remains constant if the field is con- 
servative, provided that the density 
p is a function only of the pressure p 
If we now consider a closed curve 
lying on a tube made up of vortex 
lines, but not encircling the tube (see 
Fig 97), then 



C = <j) v • dr 

= f j V xvdd = 0 
s 

since d<J is normal to V x v. From 
Kelvin's theorem, C = 0 for all time, 
so that the curve T always lies on the vortex tube 

114. Applications 

Example 109 Let us consider the steady irrotational motion 
of an incompressible fluid when a sphere moves through the fluid 
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with constant velocity Let the center of the sphere travel along 
the z axis with velocity v 0 . We choose the center of the sphere 
as the origin of our coordinate system From Sec 110, Prob 6, 
we have 


1 dv 


and 


\dt ) 


Dr 

Hence — = V<p, so that W = 0, Now at points on the surface 
dt 

— 0, so that [ — j = 0 
\3r 

We look for a solution of Laplace’s equation satisfying this 
boundary condition, so that we try 


/Dr\ 

of the sphere we must have 1 • — J 


<p = ^ Ar + cos 8 (426) 

(see Sec 67) We need 

(*)_ “ ( A - f) 00! * ‘ 0 

so that B = a* A / 2 Moreover, at infinity ive expect the veloc- 
ity of the fluid to be zero, so that the velocity relative to the 
sphere should be — v 0 Hence 


and 



(427) 


The velocity of the fluid relative to the sphere is given by v = V<p 
and the velocity of the fluid is v = V<p + y 0 k. 

Example 110 Let us consider a fluid resting on a honzontal 
surface ( x-y plane) and take z vertical Let us assume a trans- 
verse wave traveling m the x direction For an incompressible 
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vv 


3V d 2 ip 

dx 2 <3z 2 


We assume a solution of the form <p = A(z)e* x * ’ 
stitutmg into (428), we obtain 


(428) 


Sub- 


so that 


2 7T, .. 

<9 A 


4ir 2 , d*A' 
V Aiz)+ M 


= 0 


db4 _ 4ir_ 2 
dz 2 X 2 A 


(429) 


The solution to (429) is d. = d. 0 e (2T/x)<! + B oe _C2T/X)s , and a real 
solution to (428) is 


<P = 


(Aoe (2 ’ r/X) * + Bofi <2,r/x) ‘) cos 




(430) 


The fluid has no vertical velocity at the bottom of the plane on 

d<p 

which it rests, so that = — = 0 at z = 0 This yields 


A 0 = Ba, so that 


ip = d 0 (e C2 ’ r/x> ‘ + e -(2T/M ') cos — {x — vt) 


[ 

■do , /2ir \ [27 r 

2 V* / U 


vt) 


(431) 


From Prob 8, Sec 110, we have 


S--(*+J+i") +0 » 

and for a gravitational potential, x = Q z > so that 

J t = ~( gZ + E p + \ V ') + C ® (432) 

Wo now assume that the waves are restricted to small ampli- 
tudes and velocities, so that we neglect $v 2 . Moreover, at the 
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surface, p, the atmospheric pressure, is essentially constant, so 
that — = 0 Differentiating (432), we obtain 


3V dz dC 

Hi? ~ ~ 9 if + dt 


(433) 


dz dtp 

and again at the surface — = v z = — , so that (433) becomes 
dt oz 


d\p 
dt 2 


dip dC 

® dz dt 


(434) 


Substituting (431) into (434), we obtain 


27T 2 

-ir — A 0 cosh 
A J 


2r 


cos 


2tt 


(; X — Vt) 


gw An 2w 

■ sinh — z cos 

A A 


271 - 

j(x~ vt) 


dC 

+ Jl (435) 


In order for C to be dependent only on t, we must have the 
coefficient of cos [(2ir/X)(a; - tit)] identically zero in (435) Hence 

/ V 2 27 r 2 2ir wg 2w \ 

A a ( - — - cosh + 7 sinh — z ) = 0 (435a) 

\ A A a / 


or 


v* = tanh — z 
2ir X 


2tr 


In deep water z/X is large so that tanh — z « 1, and the 

X 

velocity of the wave is v = (\g/2w) i 


Problems 

1 Show that for steady motion of an incompressible fluid 
under the action of conservative forces, (v • V)« — (o> • V)v = 0, 
where o = x v. 

2 Show that — v for a conservative system 
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3. If C is tlie circulation aiound any closed circuit moving 
with the fluid, prove that ~ = j) p d ^ if the field is con- 
servative and if the pressure depends only on the density. 

4 Show that v = 2axyi + a( x 2 — y 2 ) j is a possible velocity 
of an incompressible fluid 

5 Verify that the velocity potential <p = A[r + (a-/r)\ cos 0 
represents a stream motion past a fixed circular cylinder 

115. Small Displacements. Strain Tensor. In the absence 
of external forces, a solid body remains m equilibrium and the 
forces between the various pai tides of the solid are m equilibrium 
because of the configuration of the particles If external forces 
are added, the particles (atoms, molecules) tend to redistribute 
themselves so that equilibrium will occur again Here we are 
interested in the kinematic rela- 
tionship between the old positions 
of equilibrium and the new We 
shall assume that the deforma- 
tions are small and continuous 
We expect, from Sec 112, that 
in the neighborhood of a given point Pa, the remaining points will 
be rotated about P 0 and will suffer a pure strain relative to P 0 
Let r be the position vector of P relative to P 0 , and let s be the 
displacement vector suffered by P, and s D the displacement suf- 
fered by Po (Fig 98). Then 

s = So + ds = So + (r • V)s 0 (436) 

Let s = u(x, y, z, t) i v(x, y, z, t) j +• w(x, y, z, 2)k. Since we 
will be dealing with static conditions, 
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s = u( x, y, z)i + v(x, y, z)j + w(x, y, z)k 


From (420), 
where 


s = So -f i(v X S )p Q X r + iv(r • w) 


C»S 


, ds 


ds 

w = x — 


+ y — 


+ z — 

dx 

Po 

dy 

Po 

dz 


Po 


(437) 


since s = v At 

We are interested m the position of P after the deformation 
(now P') relative to the new position of Po (now Po') This is 



244 


VECTOR AND TENSOR ANALYSIS 


ISeo 115 


the vector r' = r + s - So> or 

r' = r + i(V x s ) Pa x r + £V(r ■ w) (438) 

Since £(V x s) Po x r represents a rigid-body rotation about P 0 
we ignore this nondeformation term and so are interested m 
r-)-^V(r-w). Now 


r + - V(r • w) = xi + yj + zk 


and 


+ 


+ i v 

2 


+ 


1 ( , & u 
- V hr 2 — 
2 \ dx 

( du 

\ y dy 

\ V (zx — 
2 \ dz 


dv 

+ xy~ 
p. dx 

+ »•* 

u. a» 


. dw 

+ xz 

|P 0 dx 

. dw 

+ yz~ 

Ip. dy 


dv 

+ zy —| 
ip 0 de\ 


p,' 


+ Z 2 1 

|Po dz 


IP./ 



The partial derivatives are evaluated at the point P Q 
Let us now consider the matrix 


IM 



1 i Bv \ , , dv 

2 \<3y dx) dy 

1 fdw 3w\ 1 /3io diA 
2\da; dz/ 2 \ Ty + dz) 



(440) 


The nine components of this matrix form the strain tensor If 
we write r = xh + z 2 j + x 3 k and r' = yd + ( see 
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Example 8), then r' = r + \ V(r • w) may be written 

y = .Si’x 1 + s 2 *t 2 + s 3 'x 3 , i = 1, 2, 3 

01 

3 

y' = X (441) 

a-l 


We shall see in Chap 8 that since r and r' are vectors, then, of 
necessity, the s/ are the components of a tensor. Notice that 
s,' = si, so that the tensor is symmetric 
The ellipsoid which has the equation 



xy 

(442) 


is called the strain ellipsoid From Sec 107 we know that we 
can l educe the ellipsoid to the form 

Ax ' ’ + Bi/ + CV* = 1 


by a pioper rotation The stiain tensor becomes entirely 
diagonal, 


.4 

0 

0 

0 

B 

0 

0 

0 

c 


In the directions of the new x', y', z' axes, the deformation is a 
puie tianslation, and these dnections are called the principal 
dnections of the strain ellipsoid 
Let us now compute the change in the unit vectois, neglecting 
the rotation teim The unit vectoi i has the components 
(1, 0, 0), so that from (438) and (439) 


_ , du\ , 1 (du du\. l(dw 3w\ 

"V + te) 1 + 2U + toj , + iU + to/ k 


By neglecting higher teims such as 

w = 


f— V 

\dx) 


du dv 
dy dx 


- , du 


dv 

l+ Vx 

Similarly j — » r 2 , and |r 2 | = 

i + — 
dy 


, we have 
,k-»r„ 
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and jr 3 j = 


i + $ 

dz 


cos 9 


The angle between r 2 and r 2 is given by 
ri • r 2 


r r 


du dv 
dy dx’ 


The terms of the strain tensor are now fully undei stood The 

volume of the parallelepiped formed by ri, r 2 , r 3 is 


V' = ri • r 2 x r 3 


du dv dw 
+ dx + dy + ~dz 


so that 


V‘ — V du dv dw 

= 1 = V ■ s 

V dx dy dz 


(443) 


The left-hand side of (443) is independent of the coordinate 
system, so that V • s is an mvauant 
Finally, we see that the deformation tensor due to the tensor 
3 V (r • w) has the components 



116. The Stress Tensor. Corresponding to any strain in the 
body must be an impressed force which produces this strain 
Let us consider a cube with faces perpendicular to the coordinate 
axes In Sec 108 we assumed no shearing stresses, but now we 
consider all forces possible between two neighboring surfaces 
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Let us consider the face ABCD (Fig 99) It is in immediate 
contact with other particles of the body As a consequence, the 
lesultant force t x on the face ABCD can be decomposed into three 
forces tx x, tyx, t IX , where t xx is the component of t x in the x direc- 
tion, ty Z is the component of t x in the y direction, and l„ is the 


z 



component of t x in the z direction We have similai results for 
the other two faces and so obtain the matrix 


txx 

txy 

t x z 

tyx 

tyy 

iyz 

tzx 

tgy 

tzz 



(445) 


These are the components of the stress tensor 
By considering a tetrahedron as in Sec 108, we immediately 
see that if di is the vectoral area of the slant face, then the com- 
ponents of the force f on this face are 

jx ~ txx d$x 4“ txy dSy “f" txx ds z 

jy = tyx dS x 4 - tyy dSy 4 “ tyx dS Z (446) 

fz = tzx dSx 4 “ tzy dSy 4 ~~ t zz dS z 


where ds x = i • dd, ds y = j • dd, ds, = k ■ dd. 
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We immediately see that 


t 


xx 


fa 

ds x 


fa 

dSy 


3 

and that /, = £ *■« fa- where fi = /*, / 2 = / 3 = f„ t i3 = t XIJ , 

0 = 1 

We shall see later that this explains why the t u are 


dcr 



x 

Fig 100 


called the components of a 
tensor 

Let us now considei the 
resultant force acting on a 
volume V with boundary 5 
(see Fig 100) Wehavefrom 
(446) 

jx Lx ds x “|“ t z y d&y “f~ l X Z ds, 

so that 

F x = ^ fx = / / txx ds x 

^ xy dSy “j- t x z ds z 

= If t rfd 

s 

where t = t xz 1 + l xy j + i„k. 


Applying the divergence theorem, we obtain 



(447) 


with similar expressions for F„, F c 
By letting V —*■ 0, we have that the x component of the force 

, , , , / fax . dtxy dt x x\ 

per unit volume must be l 

\ dx dy dz / 

117. Relationship between the Strain and Stress Tensors. In 

the neighborhood of a point P m our region, let us choose the 
three principal directions of the stress tensor for the axes of our 
cartesian coordinate system If we assume that the region is 
isotropic (only contractions and extensions exist), a cube with 
faces normal to the principal directions will suffer distortions only 
along the principal axes Hence the principal directions of the 
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strain ellipsoid will coincide with those of the stress ellipsoid In 
this coordinate system 


Cl 

0 

0 


tl 

0 

0 

0 


0 

, IWI = 

0 

tl 

0 

0 

0 

e 3 


0 

0 

ts 


Our fundamental postulate relating the shear components with 
those of the stress will be Hooke’s law, which states that every 
tension produces an extension in the direction of the tension and 
is proportional to it We let E (Young’s modulus) be the factor 
of proportionality Experiments also show that extensions m 
fibers produce transverse contractions The constant for this 
phenomenon is called Poisson’s ratio a We thus obtain for the 
relative elongations of the cube m the three principal directions 
the following 


«i = E tl ~ E 1 ^ 
fi2 = E U ~ 1 {U + k) 

e s = —t 3 — — (h + <j) 


1 + a cr , . 

A ~ -ft (L + ti + t s ) 

ft ^ — — (ti + U + t 3 ) (449) 

1 -J~ a cr 

~ft~ l 3 ~ -ft (^ + tl + tl) 


The formulas for e h e 2 , e 3 apply only m the immediate neighbor- 
hood of a point P Since points far removed from P will have 
different stress ellipsoids, the principal directions will vary from 
point to point Hence no single coordinate system will exist 
that would enable the stiess and strain components to be related 
by the simple law of (449) Let us therefore transform the 
components of the stress and strain tensors so that they may be 
lef erred to a single coordinate system The reader should read 
Chap 8 to understand what follows If he desires not to break 
the continuity of the present paragraph, he may take formula 
(456) with a gram of salt, at least for the present Example 8, 
Probs 21 and 22 of Sec 11, and Prob 21 of Sec 15 will aid the 
reader m what follows 

If x 1 , x 2 , x 3 are the coordinates above, and if we change to a 
new coordinate system x 1 , x 2 , x 3 where 

3 

x‘ = X a a 'x a , 

a “ 1 


i = 1, 2, 3 (450) 
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then the transformation (450) is said to be linear Notice that 
the ongin (0, 0, 0) remains invaiiant If, furthermore, we desire 
distance to be preserved, u e must have 

x m * = x «> 2 

1=1 1=1 


In Chap 8 we shall easily show that this requires 


3 



a, a a, a = 5 , 


= 0 if 

= 1 if i = j 


(451) 


Equation (451) is the requirement that (450) be a rotation of axes 
Moreovei, since we are dealing with tensois, we shall see that the 
components of the strain tensoi in the x l -x 2 -x 3 cooidmate system 
aie related to the components in the system by the 

following rule 

3 3 

e„ = X X a “ a > Pe «i> (452) 

0 = 1 « = 1 

If we now let i = j and sum on i, we obtain 


3 3 3 3 

X = X X X a ' aa ' P 

1=1 i = l 0=1 a = l 

= X X -X** 


(S = l a= 1 


so that, 


§11 + 622 + §33 — en + e 22 + C33 = Ci + e 2 + 63 ( 453 ) 


This is an mvanant obtained fiom the strain tensor [see (443)]. 
A similar expiession is obtained for the stress tensor, namely, 
that 

til + tii + t S3 = in + t 22 -j- t 33 = ti + < 2 + h 


Equations (449) may now be written as 



1 + <r , 

ei = 

E tl + ' f/ 


1 + <r , , 

e 3 = 



l + » , , 

63 — 

E U + ' P 


( 454 ) 
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~ ^ (<1 + <2 + U) — — — ((u + <22 + < 3 a) 


From Eq (452) we have 


3 3 

Si* = X X a * a f e «0 

0 — 1 a=l 


and since e a » = 0 unless a — [ 3 [see (448)], we obtain 


and 


3 3 


e 

e 

w 

11 

IQ? 


«=«1 

a = 1 

3 

V 1 

A + V , 

= l afaf 1 

a =» 1 

V E ta + V 

1 + o' v 

3 

. v 

- B 2, 

a,«a ,“<„ + i 2 ^ 


a = 1 a — 1 


e„ = 


1 + v- 

— <„ + I/'S,, 


(455) 


3 3 3 

since <„ = X X a Cafl a n — £ 

/3=1« = 1 «-l 

Equation (455) is the relationship between the components of 
the strain and stress tensors when referred to a single coordinate 
system We have 


eu 


§22 


§33 


§12 


§23 


§31 


i±l lr 

E tn 

1 + 0 7 

E 1 22 

l±f 7 

E tu 

1 + a 7 

E il2 

— <23 

E 3 

1 + a 7 

E Ul 


<T 

~ (^11 + ^22 + £ 33 ) 
& 

<T - 

v; (<11 + <22 + <33) 
Ej 

— (<n + In + <33) 

JEj 


( 456 ) 
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Solving Eqs (456) for the and removing the bare, we obtain 

<u = nb [ en + (eu + e “ + e3s) ] 

E du a ( du dv dw\ 

1 + a ,dx 1—2 ar \d£ dy~^~ 3z/_ 


dv 

dy 


/du . dv 


1—2 a \dx dy 


f22 = nb[. 

E (dw , <r \ 

£33 — " ( — “h ~ — V • s I 

1 ~h 17 \6z 1 — 2a / 


die\ 

Hz) . 


+ 

£12 — £21 = 
£23 = £32 *= 
£31 — £13 = 


(457) 


E 


E 


1 -h a 
E 


en — 


2(1 + a) 

E 


2(1 + 
/fla 

\3z + dy) 
( dw <9w\ 
Jx + Hz) 


_ /6m c)A 
a) \dy dx) 


2(1 + a) \ 
Equation (447) now becomes 
E 


F x 


1 +<r 


6 2 u a 

Lai 2 + 

+ 


( d^u | d 2 v | d 2 w 
l r + - - h 


2a \6a: 2 dx dy dx dz/ 


E 

2(1 + a) 
E 


V 2 m + 


■ E 1 

(dju 

d-v 

1 

d 2 w 

2(1 + a) 1 

w 

dy dx 

T 

dz dx 

1 d 

(to 

dv 

dw' 

w 


1 — 2a dx 

\dx + 

5 + 

dz> 



1 d 






1 — 2 a 3a; 

(V-s) 






+ 


d 2 w\) 


- 


2(1 + a) 

The forces per unit volume in the y and z directions are 
E 

- I V ! H 

dy 


F, = 


so that 


" 2(1 + a) 

E 

2(1 + a) 

E 


f = 


2(1 + <r) 


h + di:5 (v ' !) ] 

[ v '“’ + r^s (v - s) ] 

V(V-s)j 


V 2 S + 


1 - 2a 


(458) 


If we let R — R x i -f- R v j + R«k be the external body force per 
unit volume, p the density of the medium, then Newton’s second 
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2(1 + a) 


V 2 s + ~— V(V-s) = 


(459) 


For the case R = 0, (459) reduces to 


E 

2(1 + < 7 ) 


— fv 2 s + - — 

o') L 1 — 


V(V s) 


In Sec 70 we saw that a vector could be written as the sum of 
a solenoidal and an irrotational vector Let s = Si + s 2) where 
V • Si =0 and V x s 2 = 0 Since (460) is linear in s, we can 
consider it as satisfied by Si and s 2 . This yields 

E „ 3 2 Si \ 

V 2 Si = p I 

2(1 + a) P dt 2 / 


E 

2(1 + <r) 


V 2 s 2 + V(V • s 2 ) 

1 — Z(T 


6 2 s 2 ' 

. “ P dt 2 


However, 


so that 


Vx(Vxs,)= V(V • S 2 ) - V 2 s 2 = 0 


E( 1 — a) d 2 s 2 

tt Am" ■> i v2Sz = p (462) 

(1 +■ (!■)( 1 — 2<r) dr 

In Sec 80, we saw that (461) leads to a transverse wave mov- 
ing with speed V t = Vi?/ 2(1 -f <r)p 
Equation (462) is also a wave equation, but the wave is not 
transverse Let us assume that the wave is traveling along the 
x axis Then 

s 2 = s 2 (x — Vt) 

— u(x — Vt) i + v(x — Ff)j +■ w(x — Ff)k 

I 1 i k ! 


V x s s = 


— — — =0 
dx dy dz 


u v w 


dw . , dv . 

= j + — k = 0 

dx dx 
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so that w and v are independent of x and therefore are independent 
of x — Vt We are not interested in constant displacements, so 
that Sj = u(x — Vt) i, and the displacement of s 2 is paiallel to 
the direction of propagation of the wave The wave is therefore 
longitudinal. The speed of the wave is 


Ti = V 


E( 1 - <r) 


p(l + v)(l — 2 it) 


In general, both types of waves are produced, this result being 
useful in the study of eaithquakes 

Problems 

1 Derive (451) 

2 If /*, P, P aie the components of a vcctoi foi a caitesian 
coordinate system, piove that the components f\ p, p of this 
vector in a new caitesian cooidinate system aie i elated to the old 

3 

components by the rule /‘ = X 1 = V 2 > 3, using the 

« =» 1 

coordinate tiansfoimation (450) 

3 If the body foices aie negligible and if the medium is in a 

state of equihbiium, show that V 2 s + — V(V • s) =0 

1 — 2 o' 

4 If the strain of Prob 3 is ladial, that is, if s = s(?) r, find the 
differential equation satisfied by s(r) 

5 Assuming <r = 0 foi a long thin bai, find the Velocity of 
propagation of the longitudinal waves 

6 If n = fi/2(l + ff) (modulus of rigidity) and 


(1 + <r)(l - 2*) 

show that Eq (459) becomes 

R + H V ! s + (X + p)V(V • s) = P~ 

at 2 

^2 S d^s 

7 Why do we use — instead of — in (459) 9 

dt 2 at 1 

8 A coaxial cable is made by filling the space between a solid 
core of ladms a and a concentric cylindrical shell of mtei nal 
radius h with rubber If the coie is displaced a small distance 
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axially, find the displacement m the rubber. Assume that end 
effects, gravity, and the distortion of the metal can be neglected 
118. Navier-Stokes Equation. We are now in a position to 
derive the equations of motion of a viscous fluid In the case of 
nonviscous fluids, we assumed no friction between adjacent layers 
of fluid As a result of friction (viscosity), rapidly moving layers 
tend to drag along the slower layers of fluid, and, conversely, the 
slower layers tend to retard the motion of the faster layers It 
is found by experiment that the force of viscosity is directly 
proportional to the common area A of the two layers and to the 
gradient of the velocity normal to the flow. If the fluid is mov- 
ing m the x-y plane with speed v, then the viscous force is 

F = r, A j 

since — is the gradient of the speed normal to the direction of flow 
dz 

t) is called the coefficient of viscosity 
We shall let be the stress tensor and <r„ the strain tensor 
for the fluid analogous to t„ and e„ of the previous paragraphs 
We have 

P = E ( ^ a. ?L) 

12 2(1 + <r) \dy dxj 

where u, v, w are the components of the velocity vector v (see 
Sec 112) For a fluid moving m the y direction with a gradient 

du 

m the x direction, we have u = 0 and — = 0, so that 

dy 


P u 


E dv dv 

2(1 + <t) dx ^ dx 


Hence the term — must be replaced by 

2(1 + v) 

In addition to the stress components due to viscosity, we must 
add the stress components due to the pressure field, which we 
assume to be 


-v 

0 

0 

0 

~p 

0 

0 

0 

-p 
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The equations of (457) become 

P, , = 2 1)£T, ; + X((Tll + (Ta 2 + <TS3)6„ — p5,j 


where X is undetermined as yet Now let i = j and sum on j 
We see that 

Pn + Pn + P 33 — + 3X)(ffn + <T 22 + 0 - 33 ) — 3p 

We know that Pn + Pn + Pn is an invariant and that for the 
static case Pu + Pn + Pn = — 3 p Consequently we choose 
2ij + 3X = 0, so that (463) becomes 

p tJ = Pu = 2? ]<r tl — fi?(crii + cr 22 + o' 33 ) — pS tJ (464) 

for small velocities Moreover, the velocity vector is given by 

V = till + u 2 j + u&. 


and <r„ 


= 1 awA 

2 dx'J 


so that div v = V ■ v = <rii + 0-22 + 


To obtain the equations of motion, we note that from (447) 


t - ^i l 1 ^ 1 dpi3 
1 dx 1 dx 2 dx 3 


X 1 - x 


where x 2 = y 


V &p V} 

. m general /. = ) Hence 

t-t. dx ’ 


becomes 






where F, is the external force per unit mass From (464) 

dp,, _ „ fov 2 <3(div v) dp 
dx’ V dx’ 3 V dx 1 ~ dx 1 8,1 


d / du, du , 

** dx’ \dx ! dx' 


-A 2 d(v -v) dp 

- I — — 17 o„ 0 „ 

:’/ 3 dx’ dx’ 
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2 6(V . v ) 

3 11 dx' 


dp 

dx' 


The equations of motion (465) are 
3 

^ ^ , .. 

p- 

or 


du x _ , Y d(du x du\ 2 3(V ■ v) 

iite+STir 

3 *1 


dv . „ 1 

p — = pi + n V s v — - v(V ■ v) — Vp 


dt 


dp 

dx' 


(466) 


(467) 


For an incompressible fluid V v = 0, and 
dv 

P^r = P i + v^v - Vp 


Along with (467) we have the equation of continuity 

^ + V • (pv) = 0 
dt 


Problems 

1. Derive (467) from (466) 

2 Consider the steady flow of an incompressible fluid through 
a small cylindrical tube of radius a m a nonexternal field. Let 

dp 

v = vk and show that p = p(z) and ij V 2 v = — Show that the 

dz 

boundary conditions are v = 0 when r = a, and v = v(r), 


r 2 = x 2 + y 2 , and that 


dp 

dz 


■pdf dv\ 
r dr \ dr) 


Hence show that 

dp 

v = (A/4y)(r 2 — a 2 ), where A is a constant and — = A 

dz 

3 Consider a sphere moving with constant velocity t>oh (along 
the z axis) in an infinite mass of incompressible fluid Choose 
the center of the sphere as the origin of our coordinate system 

dv 

Show that the equation of motion is p — - = y V 2 v — Vp and that 

dt 

the boundary conditions are v = Ofor r = a, v = — wohatr = oo, 
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and that for steady motion 

ot 


= 0 for any quantity $ associated 


with the motion Moreover V • v = 0 We shall assume that y 
and the partial derivatives of v are small Show that this implies 


(i) 


Vp = i? V 2 v 


Hence prove that V ! p ~ 0 Now let v = -V^> -f uik and show 
that 




Assuming p = -ij VV and V 2 «i = 0, show that (i) and (ii) 
will be satisfied 

Let wi = 3uoa/2r, tp ~ Coz - («ca 3 e/4r 3 ) -f {Sv^az/ir), 


3 i}V 0 az 



and show that 

VV = 0, V 2 p = 0, p=~i?VV 
v = -V<p + mk - 0 for r = a 
v = -wok for r — « 

4 Solve for the steady motion of an incompressible viscous 
fluid between two parallel plates, one of the plates fixed, the 
other moving at a constant velocity, the distance between the 
plates remaining constant 

5 Find the steady motion of an incompressible, viscous fluid 
surrounding a sphere rotating about a diameter with constant 
angular velocity No external forces exist 
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119. Summation Notation. We shall be interested in sums 
of the type 

8 - ayxi + a&i + • • + a n x n (468) 

We can shorten the writing of (468) and write 

n 

£=2 a,.T, (469) 

i=i 

Now it will be much more convenient to replace the subscripts 
of the quantities x h x s , . , x n by superscripts, x\ x l , . . , x " 

The superscripts do not stand for powers but are labels that 
allow us to distinguish between the various ai’s Our sum S now 
becomes 

n 

S = 2 (470) 

>=i 

We can get rid of the summation sign and write 


S — u,x‘ 


(471) 


where the repeated index i is to be summed from 1 to n This 
notation is due to Einstein 

Whenever a letter appears once as a subscript and once as a 
superscript, we shall mean that a summation is to occur on this 
letter If we are dealing with n dimensions, we shall sum from 
1 to n The index of summation is a dummy index since the 
final result is independent of the letter used. We can write 
S - a,x' = dp 1 = a a x“ = a &P 

Example 111 If / = f{x l , x i , , x n ), we have from the 

calculus 


259 
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and 

d£ _ df_dtf 
dt dx a dl 

Example 112 Let S = g^x a x s The index a occurs both as 
a subscript and superscript Hence we first sum on a, say from 
1 to 3 This yields 

8 = gipx l x ? + gypM + ga/ixW 

Now each term of S has the repeated index p summed, say, from 
1 to 3 Hence 

S = 0nx 1 a; 1 + gri 2 x 1 * 2 + QuxW + gnxV + g 22 x 2 x* -f g n x 2 x z 

+ gnxV + g 32 x z x 2 + gnxW 

and S = g« 0 X a x? represents the double sum 

3 3 

s = X X gtfX’tx* 

9 = 1 <j = i 

We also notice that the g a ? can be thought of as elements of a 
square matrix 

011 012 013 

021 022 023 

031 032 033 

120. The Kronecker Deltas. We define the Kronecker 5} to 
be equal to zero if i j and to equal one if i = j : 

5| = 0 ,t 9* j 
1, i = 3 

We notice that = • = 5J = 1, 

= «3 = = K +1 = 0 

5a = + $1 + d - 8* — n 


( 472 ) 
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03/' 

If x 1 , x\ . . , x n are n independent variables, then — = 

ex’ ” 
dx' 

for if i — J, — — 1, and if i ^ j, there is no change in the vari- 
able x' if we change x’ since they are independent variables, so 

, dx' A 
that • — = 0 
dx 1 

dS 

Example 113 Let S = a a x a Then — = a„ — , and 

da:' 1 da:" 


as 

dx“ 


a a 5* 


Now 5“ = 0 except when a = u, so that on summing on a we 

, , d(a a x a ) 

obtain — = 

dx ^ 

Example 114 Let S = a a px a x s = 0 for all values of the vari- 
ables x\ a: 2 , , x n . We show that a„ + a„ = 0 First 

differentiate S with respect to x 1 and obtain 

dS dx * da:“ „ „ 

— - = a^a;“ ■ — +a tf —s i = 0 
dx* dx 1 P dx' 

= a^x"5f + a„3 d?x s = 0 
= a a ,x“ + a,) sx p = 0 

Now differentiate with respect to x 1 so that 
d 2 S 


dx’ dx 


- = o al S“ + = 0 


and 


4“ Utj — 6 


We define the generalized Kronecker delta 5,’;“ as follows: 
The superscripts and subscripts can have any value from 1 to n 
If at least two supei scripts or at least two subscupts have the 
same value, or if the subscripts are not the same set of numbers 
as the superscripts, then we define the generalized Kronecker 
delta to be zero If all the superscripts and subscripts are sep- 
arately distinct, and the subscripts are the same set of numbers 
as the superscripts, the delta has the value of +1, or —1, accord- 
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ing to whether it requires an even or odd number of permutations -- 
to arrange the superscripts m the same order as the subscripts 
For example, Slalj = 1, S\ll — — ~ 5 iel ~ 0» 

sJUl = -l, «S = «S = sill = 0, C = 0 

It is convenient to define 

€**■* ---ass* «'] 

and | (473) 

_ c 12 n 

€ tlti °4]t2 In / 

Problems 

1. Write in full a'jc a = b\ a, i = 1, 2, 3 

2, If a aftl x a x?xt =s 0, show that a,# + a*,*, + a ]h% + a,,* + 

o*j> + UiJij = 0. 

3 show that as- n u C = C’ 

4 If j/* = a‘ a x“, 2 ’ = show that 2 ’ = b'„a^ 

5 Prove that 

S r J fi a^ = a" - a” 

Sflya^y = a'" + a 1 " + a‘ tr — a* rl — a 1 " — a 1,1 * 

6 Show that the determinant a} a\ can be written 

2 2 
a{ a\ 


and that 



t l ’a]af = t v a\a\ 


aj a\ a] 

a{ a\ 0* = t' ,k a]a]al - t vk a\a\a\ 
a? a\ aj 


7 Prove that = «' 1 ' 1 

8 Show that Sjf = ~ 

dx? dx’ 


dtp,_ 

dx * 


9 If y' = y'(x 2 , x 2 , . . , x n ), i = 1, 2, , n, show that 

dif^ 

St = ■ — • — assuming the existence of the derivatives. Also 
dx a dy’ 

Qy 1 

show that 5? = 5) Show that 

dx a dy> p 1 


d 2 y l dx a dxP dy' d 2 x“ 
dx a dx? dy 1 dy k dx a dy’ dy k 



Sec, 121] 


TENSOR ANALYSIS 


263 


10. If ip = vix 1 , x*, . , x n ), 

x l = x'(y\ y\ . ,y n ) = x'(y) 
i = l,2,. . , n, and if 

? = ?(y\ y\ , y n ) = vWiv), x\y), . , z n (y)] 

dip d<p dx& dtp 

show that - — = — - — Given <p a = - — > show that 
dy a dx? dy a dx a 

dtp t dip, / d(p a dtpp\dx“dxP 
dy’ dy ' \d:r 3 dx“) dy' dy’ 

121. Determinants. We define the determinant |aj| by the 
equation 

a} a\ aj 

a\ a? al 

. — C 'i’> 'n a i a 2 ' ’ a 'n 

°1 < < 

l a j| = e' 1 ” '<«» < (474) 

The reader should note that this definition agrees with the 
definition for the special case of second- and third-order deter- 
minants which he has encountered in elementary algebra The 
definition of a determinant as given by (474) shows that it con- 
sists of a sum of terms, n” m number Of these, n 1 are, in gen- 
eral, different from zero Each term consists of a product of 
elements, one element from each row and column The sign 
of the term • • a" depends on whether it takes an even 

or odd permutation to regroup ii %2 • • i n into 12 ■ n 

Since ii and 12 are dummy indices, we can interchange them 
so that 

hi = . n ai‘a? • a*" = a‘" 

An interchange of the subscripts 1 and 2, however, will mean 
that an extra permutation will be needed on uhu i n This 
changes the sign of the determinant Hence interchanging two 
columns (or rows) changes the sign of the determinant As an 
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immediate corollary, we have |oj| =0 if two rows (or columns) 
are identical 

Let us now examine the sum 

fe).). >„ = 'na\[a[\ aj; (475) 

If Ju , Jr. take on the values 1, 2, , n, respectively, 

we know that (475) reduces to (474) If the ji, ) j n 

take on the values 1, 2, , n, but not respectively, then we 

have interchanged the rows An even permutation reduces (475) 
to [oj|, and an odd permutation of the fs reduces (475) to — |a]| 
If two of the j’s have the same value, (475) is zero, since if two 
rows of a determinant are alike it has zero value Hence 

• • a 1 " = k‘k* ,n (475a) 

and 

<„<«;; • ■ a): = kk„ (475 &) 

Example 115 We now derive the law of multiplication for 
two determinants of the same order We have 

kl M = kkl J>lVS ■ b n 

= «w» J.« b'j 

= u«b ?)«&?) • 

j n Ci Cg 1 ' * On* = |c,| 

where 

<$ = o’abr (476) 

Example 116 We now derive an expansion of a determinant 
in terms of the cofactors of the elements We have 

kl = € ’l>! >„ a l a 2 a n" 

= fl l( e *i*i i„ a 2 a 'n) 

= <Ai 

where A* = ...aj 1 • • a]?. Ai is called the cofactor of a" 

In general, 

kl = kl 1 <■) 

= a eA" (/? not summed) 


Hence 


a“A; = |a|a; 


(477) 
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a' a A* = \a\&) (477a) 

Example 117 Let us consider the n linear equations 


<T<* 


alx a , a, i = 1 , 2 , . 

Multiplying by A.?, we obtain 

A,V = 

so that summing on i, we have from (477) 

Aft/ 1 = [a|5fa:“ = |aja^ 

If |a| 0, then 

„ Aft/’ t/’(cofactoi of a'p in |a|) 
Sr — ii — n 


,n (478) 


(479) 


Example 118 Let y' = y'{ x 1 , x 2 , 

W\ 


In the calculus it is shown that if 


dx’. 


, x n ), t — 1, 2, . , . , n. 
5 ^ 0 at a point P and if the 


partial derivatives are continuous, we can solve foi the x' m 
terms of the y’s, that is, x l = x'{y l , y 2 , . . , y n ) m a neighbor- 

hood of P 

Now we have identically 

g , = fllL’ = w d ^l 

1 dy’ dx a dy’ 


Forming the determinant of both sides, 

!«;l = 

from (476). Hence 


dy * dx a 


dy_ 

dx 

dx a dy 1 


dx 

dy 


1 = 


The determinant 


dT 

dx’ 


is called the Jacobian of the y’s with respect 


to the x’a We have shown that 
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Example 119 If the elements of the determinant |o| are func- 
tions of the variables x\ x\ , x n , we leave it to the student 
to prove that 


drA * dx* 


(481) 


dy* 

As a special case, suppose a) = — > where y { = y'(x l , x 2 , . . , a:"). 

uX l 

dv % dx a 

Now S' = — • — Let us consider j to be fixed for the moment. 
’ dx a dy’ 

Let F* = S' — = a' X' = — , so that F* = If 

1 ax' ’ 3i/’ 


dy' 

dx’ 


9* 0 


then 


X 8 


F a (cofactor of a% in a\) 


from (479), or 


S? (cofactor of — m — ) 
dtf _ J_\ dX 8 dx / 

dy ’ dy 

dx 


( cofactor of m 

ax ' 5 


dy 

dx 



and so 


f dy 1 

cofactor of — ; m 
t dx » 



dy dx 8 
dx dy 1 


Applying this to (481), we have 
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d — 

dx _ by dx* dV 
dx" dx dyP dx " dx“ 


i9x| _ dv* ey 
dx " <9y' 9 to'* <9x“ 


We shall make use of this lesult later 

dv 

Example 120 Let i/ 1 = y l {x l , x 2 , . , x n ), — 9 A 0 We 

‘ dx 

wish to prove that 

d 2 x l ‘ dx a cte s dx" d 2 y l 

dy k by’ by ’ by h by' dx? dx* 

dy' dx 01 

Now S', = ■> so that upon differentiating with respect to 

1 dx* by 1 


y k , we obtain 


„ by' b 2 x“ dx* d 2 y' dx f 

0 = — - 

dx* dy k by’ dy’ dx? dx * dy k 


Multiplying both sides of (483) by — and summing on i, we 

dy' 

obtain 

d 2 X" dx * dx s dx" cl 2 !/* d 

dy k by’ dy ’ dy k by' dx P dx * 

a 1 f s / dxV d 2 y 

As a special case, if y = /(x), — = - {-) -• 


Problems 

a\ a] 

1 What is the cofactor of each term of a[ a\ a \ | ? 

a® al a® 

2 Prove (481), (477) 

3 If | A | is the dermmant of the cofactors of the determinant 
|a|, show that jd.| = j a) n— 1 
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4 If a] = a\, show that A J = A\ Is |aj| = |a(| in all cases? 

d*x a 

5 Find an expression for 


by' by' dy k 

6. If z* = z'{y\ y\ . , y n ), V' = y' C* 1 , 

that J(z/y)J{y/x) = J(z/x ) 


, x n ), show 


dx^ ii ii 

7 If §r, = ^ — — ’ show that |ff| = |p| 


8 


35‘ 

If U ' = M" V ! = 

dx a 


dx a 

dx' 


show that u a v a = u a v„, where 


x* = x'ix 1 , x 2 , . , a:") 


9 

10 


If U' = 


1 show that it* - w“ 

3x“ 


3a* 

35“ 


3x“ 3x^ , , _ 35“ da;* 9 

If = ^ SF aF show that ^ = gaf, ~^M 


11 If ii* = u a — > u' = u“ — > show that u' = u “ — 

dx a dx“ 3x“ 

12 Apply (476) foi the product of two third-order determi- 
nants 


13 If A\ = Bp show that A\ = J3J, and that jA| = |J3|, 

a;a; = B)B\. 

14 If X is a root of the equation \a„ — X&,,| = 0, show that X 

__ Scc^ 

is also a root of a,, — X5J = 0 provided that d,, = a m s — — > 

dx' dx’ 


6„ = b 


dx “ dxfi 

'aB ”7 J 

3s* 3x’ 


7^ 0 


122. Arithmetic, or Vector, n-space. In the vector analysis 
studied m the previous chapters, we set up a coordinate system 
with three independent variables x, y, z We chose three mutu- 
ally perpendicular vectors l, j, k, and all other vectors could be 
written as a linear combination of these three vectors. Any 
vector could have been represented by the number triple ( x , y, z), 
where we imply that (x, y, z) = xi + y] + zk. The unit vectors 
could have been represented by (1, 0, 0), (0, 1, 0), and (0, 0, 1) 
A system of mathematics could have been derived solely by 
defining relationships and operations for these triplets, and we 
need never have introduced a geometrical picture of a vector. 
For example, two triplets (a, b, c), ( a , 0, y) are defined to be equal 
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if and only if a = a, b = /3, c = y. We define the scalar product 
as (a, b, c) (a, /3, 7 ) s aa + i)/3 + cy The vector product, dif- 
ferentiation, etc , can easily be defined. Addition of triples is 
defined by (a, b, c ) + ( a , /3, y) = (o -f a, b + /3, c + y). If A 
is a real number, then A (a, b , c) is defined as (Aa, A 5, Ac) The 
set of all triples obeying the rules 

( 1 ) ifl , b, c) + (a, p,y) = (a + a, b + P,c + y) . .. 

(ii) A (a, b, c) = (Aa, Ab, Ac) ^ ' 

is called a three-dimensional vector space, or the arithmetic space 
of three dimensions 

It is easy to generalize all this to obtain the arithmetic n-space 
Elements of this space are of the form (as 1 , z 2 , , x n ), the x' 

taken as real. In particular, the unit or basic vectors are 
( 1 , 0 , 0 , . . , 0 ), ( 0 , 1 , 0 , . . . , 0 ), . . . , ( 0 , 0 , . . . , 0 , 1 ). 
We shall designate V„ as the arithmetic n-space. 

By a space of n dimensions we mean any set of objects which 
can be put m one-to-one reciprocal correspondence with the 
arithmetic n-space We call the correspondence a coordinate 
system The one-to-one correspondence between the elements 
or points of the n-space and the arithmetic n-space can be chosen 
in many ways, and, m general, the choice depends on the nature 
of the physical problem 

Let the point P correspond to the n-tuple (s 1 , x 2 , , x n ) 

We now consider the n equations 


y' = y'ix 1 , x 2 , . . , x n ), i = 1, 2, . . . , n (485) 


and assume that we can solve for the x\ so that 

x' = x'{y\ y 2 , ... ,V n ), i = l,2 , ,n (486) 

We assume (485) and (486) are single-valued It is at once 
obvious that the point P can be put into correspondence with 
the n-tuple {y 1 , y 2 , ... , y n ) The n-space of which P is an 
element is also in one-to-one correspondence with the set of 
(y 1 , y 2 , . . , y n ), so that we have a new coordinate system 

The point P has not changed, but we have a new method for 
attaching numbers to the points We call (485) a transforma- 
tion of coordinates 
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123. Contravariant Vectors. We consider the arithmetic 
n-space and define a space curve in this V « by 


x' = x'(t), « = 1, 2, . . 

a^t < 


,n (487) 


Note the immediate generalization from the space curve x = x(t), 
y = y(t) i z = 2(0 In our new notation x = x\ y = x 2 , 2 = a; 3 

We remembei that ~r are the components of a tangent 

at dt at 

vector to this curve Generalizing, we define a tangent vector 
to the space curve (487) as having the components 


dx'- 

dt 


i = 1, 2, 


. , n (488) 


Now let us consider an allowable (one-to-one and single-valued) 
coordinate transformation, of the type (485) We immediately 
have that 

y' = y'(x\ m 2 , , x n ) = y'lzKO, x\t), . . , x n {t)] = y'{t) 


as the equation of our space curve for observers using the y 
coordinate system The components of a tangent vector to the 
same space curve (remember the points of the curve have not 
changed ; only the labels attached to these points have changed) 
are given by 


d£ 
dt ’ 


i = 1, 2, . 


, n (489) 


Certainly the x coordinate system is no more important than 

dx x 

the y coordinate system We cannot say that — is the tangent 

dt 


dy' 


vector any more than we can say — is the tangent vector. If 

etc 

we considered all allowable coordinate transformations, we would 
obtain the whole class of tangent elements, each element claimmg 
to be the tangent vector for that particular coordinate system. 
It is the abstract collection of ail these elements that is said to 
be the tangent vector We now ask what relationship exists 
between the components of the tangent vector m the x coordinate 
system and the components of the tangent vector in the y coordi- 
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dif dy' dx a 
dt dx a dt 


(490) 


We also notice that — = —■ We leave it as an exercise 

dt dy“ dt 

that this result follows from (490) as well as from (486) 

We now make the following generalization. Any set of numbers 
A'{x l , x 2 , . , x n ), i = 1 , 2 , , n, which transform accord- 

ing to the law 


A' (S 1 , x 2 , . . , x n ) = A a (x\ x 2 , 



(491) 


under the coordinate transformation S' = x'(x*, x 2 , . , x n ). 

are said to be the components of a contra variant vector The 
vector is not just the set of components in one coordinate system 
but is rather the abstract quantity which is represented m each 
coordinate system x by the set of components A‘(a:) 

We immediately see that the law of transformation for a 
contravariant vector is transitive Let 


Then 





= A a 


dx' 

dx a 


I ' 


To dx' , 9x s dx' 

A0— = A“ 

dx P dx a d& 


A a 


dx' 

dx a 


which proves our statement 

If the components of a contravariant vector are known in one 
coordinate system, then the components are known in all other 
allowable coordinate systems by (491). A coordinate trans- 
formation does not give a new vector; it merely changes the 
components of the same vector. We thus say that a contra- 
vanant vector is an invariant under a coordinate transformation 
An object of any sort which is not changed by transformations of 
coordinates is called an invariant 

Example 121 Let X, Y, Z be the components of a contra- 
variant vector m a Euclidean space, for an orthogonal coordinate 



272 VECTOR AND TENSOR ANALYSIS [Sec 123 

system, and let ds 2 = dx 2 + dy 2 + dz 2 . The components of this 
vector in a polar coordinate system are 


St St St 

R = X ( - Y V Z — = cos 0 X -{- sin 0 F 

dx dy dz 

e _x« + r" + z".:ii52- # x + ^F 

dx dy dz r r 

Z=X^+ Y^+Zy=Z 
dx dy ds 


where r - (* 2 + j/ 2 ) 1 , 8 = tan -1 {y/x), z = z. 

The components R, 0, Z are not the projections of the vector 
A = Xi + 7j + Zk on the r, d, z directions However, if the 
<?-component is given the dimensions of a length by multiplying 
by r, we obtain dr = — sm 8 X + cos 6 Y , which is the projec- 
tion of A in the 0-direction We multiplied by r because r dd 
is arc length along the 0-curve R, 0, Z are the vector com- 
ponents of the vector A in the r-Q-z coordinate system, whereas 
R, rQ, Z are the physical components of the same vector 


Problems 

1 If A'{x), B'(x) aie components of two contravariant vec- 
tors, show that C l, (x) = A'(x)B’(x) transforms according to the 

- dx 1 dx? - — - 

law C' 1 = O' 3 — • — -i where C' 1 = A'B’ 
dx a dx H 

2 Show that if the components of a contravariant vector 
vanish m one coordinate system, they vanish in all coordinate 
systems What can be said of two contravariant vectors whose 
components are equal in one coordinate system? 

3 Show that the sum and difference of two contravariant 
vectors of order n is another contravariant vector 

4 If X, Y , Z are the components of a contravariant vector in 
an orthogonal coordinate system, find the components m a spher- 
ical coordinate system By what must the 0 and <p components 
be multiplied so that we can obtain the projections of the vector 
on the 0- and ^-directions? 

5 If A' = A a — — i show that A' = A a — • 

dx a dx a 
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- OX 

() Referring to Prob 1, show that C v = C a/> ~ 


7 If I' = 


dx 

N 

dx' 

dx 



A a - — j show that A' = 


dx 


dx a 

dx 


dx' dx ’ 


dS. a dx e 

|isr 7 dx 1 
A« — 
dx a 


124. Covariant Vectors We consider the scalar point func- 
tion Ip = p(x l , X 2 , , x ”), and form the n-tuple 


/ clip dtp d<p\ 

W dx 2 ’ ’ dx") 

Now under a coordinate transformation 


(492) 


dip dip dx a 

dy 1 dx“ dy' 


(493) 


dip 

dy n 


are 


( dp dp 

so that the elements of the n-tuple l — ■> ■ — > 

W dy 2 

related to the elements of (492) by (493) We say that the — 

3r‘ 

are the components of a covariant vector, called the gradient of p 
More generally, if 


, dx a 

A x = A a — 
dx 1 


(494) 


the Ax are said to be the components of a co variant vector The 
remarks of Sec 123 apply here What is the difference between 
a contra variant and a covariant vector f It is the law of trans- 
formation 1 The reader is asked to compare (494) with (491) 
We might ask why it was that no such distinction was made m 
the elementary vector analysis We shall answer this question 
m a later paragraph 

126. Scalar Product of Two Vectors. Let A'(.x) and Bx(x) 
be the components of a contra variant and a covariant vector 
We form the scalar A a B a What is the form of A a B a if we make 
a coordinate transformation? 

Now 
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so that 


_ . dx a dx’ 
A a B a = A B B, — Qxa 


dx 5 * * * 9 

A a B a = A'B. — 


= AWJl 

= ItBt = i“5, 


Hence A a B a is a scalar invariant under a coordinate trans- 
formation The product (A a B a ) is called the scalar, or dot, 
product, or inner product, of the two vectors 


Problems 

1. If A{ and B, are components of two covariant vectors, show 

- dx a 

that C„ = AJ1, transforms according to the law (7„ = C„ p — — 

2 Show that C] = A'B, transforms according to the law 

- dx* dX' 

’ ~ Cfi dx’ dx“ 

„ dx a . 7 dx a 

3 If A, = A, — show that A, = A a — • 

dx' ox' 

4 If ip and $ are scalar invariants, show that 


grad (<(xp) = <p grad ^ ^ grad y 

grad [F(#>)] = F'(<p) grad <? 

5 If A { B, is a scalar invariant for all contravariant vectors 
A', show that £, is a covariant vector 

126. Tensors. The contravariant and covariant vectors 
defined above are special cases of differential invariants called 
tensors The components of the tensor are of the form 

where the indices a i, a 2 , . . , a,, hi, t> 2 , . , b, run through 

the integers 1 , 2 , ,n, and the components transform accord- 

ing to the rule 


rfia ioj or 

1 bibs « • • In 



a\a t 


„ dS a <- 

CCr t t 

* dx°' 


dx“r dx B ' 
dx a r dx h i 


dx B ‘ 

dib 


(495) 
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We call the exponent N of the Jacobian 


the weight of the 


tensor field If N = 0, we say that the tensor field is absolute, 
otheiwise the tensoi field is relative of weight N A tensor 
density occurs for N = 1 The vectors of Secs 123 and 124 are 
absolute tensors of order 1 The tensor of (495) is said to be 
contravariant of order r and covariant of order s If s = 0, the 
tensor is purely contravariant, and if r = 0, purely covariant, 
otherwise it is called a mixed tensor. 

Two tensors aie said to be of the same kind if the tensors have 
the same number of covariant indices and the same number of 
contravariant indices and are of the same weight We can con- 
struct further tensoi s as follows 

(a) The sum of two tensors of the same kind is a tensor of this 
kind The proof is obvious, for if 


t: 


dx 

N 

rpa 

pdjc* 

dx T dx a 

dx b 

dS 



T dx a 

dSA dx a 

dx 8 

dx 

N 

Oct 

pdT . 

dx T dx? 

dx b 

dx 



T dx° ’ 

dx* dx a 

dx * 


then 


ut 


= (f: 


S + £c 2) = u: 


N dx° 
dx c 


dx» 


Jo) The product of two tensors is a tensor. We show this 
for a special case. Let 


Tl = 


& = 


dx 


dx 


\MdV_ 
dx b dx a 

3 rr 

S r — 
dx" 


so that 


(Tl§') = 


5 , te 1 * dx a dx' 

^ ^ dx” dx“ dx* 


The new tensor is of weight N N 1 = 3 + 2 = 5 
(c) Contraction Consider the absolute tensor 
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ax' 5 

dx Y 

3x‘ 


- A% y 

as? 

ax' 

ax“ 



ax' 3 

ax Y 


dx» 

11 

dx’ 

ax“ 

= A| Y 

dx’ S ° 


dx * 




= AJL 

dx’ 





so that A* are the components of an absolute contravanant 
vector In general, we equate a certain covariant index to a 
contravanant index, sum on the repeated indices, and obtain 
a new tensor We call this process a contraction 
(< d ) Quotient law We illustrate the quotient law as follows 

Assume that A'B )k is a tensor for all contravanant vectors A 1 
We prove that B,h is a tensor, for 


- - , „ dx? dxv dx' 

' p ax> d$ k dx a 

- dxt 3x Y 

lh ax’ ai* 


or 


t (* „ ax^axA „ 

A 'V’ k ~ Blh Mw) = 0 

_ ax' 5 dx r 

Since A' is arbitrary, we must have B, k = B$ y — — the desired 

dx’ dx K 

result 

Example 122 The Kronecker delta, S’, is a mixed absolute 
tensor, for 

P dx 1 ax' 3 _ dx' 3x fl .p 

1 dx“ dx' dx a dx 1 ° “ 


Example 123 If A' and B , aie the components of a contra- 
variant and a covariant vector, then C] = A'B, are the com- 
ponents of a mixed tensor, for 
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- AT?, = A a Bp 


BP dx * 
Bx a dx 1 


dx' dx $ 

C%- 

P dx a dx 1 


Example 124 Let g v be the components of a covariant tensor 
dx a dx B 

so that g %1 = g«t s •— — Taking determinants and applying 

Oiv 0«C" 

Example 115 twice, we obtain 


M = 


dx 2 
d% 


or |g| } = |j 7 | } 


Now if A' are the components of an absolute contravariant vec- 

tor, then A* = A a — > so that 
’ dx a 


S' = 


= 


dx 

dx 




<w_ 

dx a 


dx 

dx 


B“ 


dx 1 

dx“ 


so that B' m are the components of a vector density. This 
method affords a means of changing absolute tensors into relative 
tensors 

Example 125 Assume g a p dx a dx B an invariant, that is, 


gap dx a dx B = g a p dx a dx B 


dx a 

Now dx a = — dx", so that 
dx * 


QaB da:" dx" = g ur dx" Ax’ 

y dx " dx ’ 

or 

(ff^ ~ ^ dX ' = 0 ( 496 ) 

If we assume g ap = gp a , then since (496) is identically zero for 
arbitrary dx', we must have (see Example 114) 
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dx a dx& 

9r * = Sat li&dx’ 


(496a) 


or the are components of a covariant tensor of rank 2. 

Example 126 If the components of a tensor are zero in one 
coordinate system, it follows from the law of transformation 
(495) that the components are zeio m all coordinate systems. 
This is an important result 

Example 127 Outer product of two vectors Let A x and B x be 
the components of two covariant vectors, so that 


Ca - 


- - dsr d& - 
AJ3) = A a Bp — ~ 


dx“ dx& 
dx' dx’ 


The C„ are the components of a covariant tensor of second order, 
the outer product of A t and B , 

Example 128 By the same reasoning as m Example 127, we 
have that C v; = A x B , — A,B X are the components of a covariant 
tensor of the second order Notice that C„ is skew-symmetric, 
for C t , = — C n For a tlnee-dimensional space 


0 

A1B2 — 

A2B1 


A3B1 

— ( A\Bb — A2B1) 

0 


A.%Bz 

A3B2 

— (A1B3 — A3B1) 

— (A2B3 — 

A3B2) 


0 


The nonvanishing terms are similar to the components of the 
vector cross product 


Problems 


TF J A Sx a dX^ 

If At, = A a p — * —■> 
p dx' dx’ 


. T dx a dx & 

show that = A a $ 

' p dx' dx> 


2 Show that A„ can be written as the sum of a symmetric 
and a skew-symmetric component 

3 If A ) are the components of an absolute mixed tensor, show 
that A\ is a scalar invariant, 

4 If A a g are the components of an absolute covariant tensor, 
and if A^Ab-, = S“, show that the A“P are the components of an 
absolute contravariant tensor. The two tensors are said to be 
reciprocal. 
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5 If A' 1 and A„ are reciprocal symmetric tensors, and if u, 
are components of a covariant vector, show that A„u'u> = A"um„ 
where u' = A' a u a 

6 Let A t , and be symmetric tensors and let u\ v' be com- 
ponents of contravanant vectors satisfying 

(A tl — KBt,)u' = 0 %,] — 1, 2, , . , n 

(A,, — K’Bt,)V' = 0, K 7* k' 

Prove that At,u‘v’ = Bt,u'v> — 0, and that k = — - Why is k 

BtjU'u’ 

an invariant 2 

7 From the relative tensor A] of weight N, derive a relative 
scalar of weight N 

8 If A£„ is a mixed tensor of weight N, show that A“( is a 
mixed tensor of weight N 

9 Show that the cofactors of the determinant |a,,| are the 
components of a relative tensor of weight 2 if a„ is an absolute 
covariant tensor 

10 If A' are the components of an absolute contravanant 
dA' 

vector, show that — - are not the components of a mixed tensor 
’ dx> 

127. The Line Element. In the Euclidean space of three 
dimensions we have assumed that 

ds 2 = dx 2 + dy 2 + dz 2 

In the Euclidean n-space we have 

ds 2 = (dx 1 ) 2 + (dx 2 ) 2 + • • + ( dx" ) 2 

= d„@ dx a dx? (497) 

If we apply a transformation of coordinates 

x' = x'ix 1 , x 2 , . , x n ) 


we have that dx' = ■ — • dx a , so that (497) takes the form' 
dx a 

, „ dx a dx f , 
ds 2 = 8 a p — - — dx“ dx" 
dx“ dx' 

We may write ds 2 = g? y dx“ dx', where 


dx a dx 0 _ N dx ^ dx“ 
~ dx» dx' ~ 4 dx <* dx' 
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Thus the most general form for the lme element (ds ) 2 for a 
Euclidean space is the quadratic form 

ds 2 = dx a dx & (498) 


The g a p are the components of the metric tensor (see Example 
126) The quadratic differential form (498) is called a Rie- 
manman metric. Any space characterized by such a metric is 
called a Riemannian space It does not follow that there exists 
a coordinate transformation which reduces (498) to a sum of 
squares If there is a coordinate transformation 

x' = x'(y\ y 2 , ... , y n ) 

such that ds 2 = fi a/ s dy a dyP, we say that the Riemannian space is 
Euclidean The y’s will be called the components of a Euclidean 
coordinate system Notice that g a p = 8 a p Any coordinate sys- 
tem for which the g lt are constants is called a cartesian coordinate 
system 

We can choose the metric tensor symmetric, for 

0v = Kfft ; + g,<) + i(g„ — g») 

and the terms Mg v — g„) dx' dx’ contribute nothing to the sum 
ds 2 . The terms £(g,, -f- g n ) are symmetric m i and j 
Example 129 In a three-dimensional Euclidean space 
ds 2 = (i ax 1 ) 2 + (dx 2 ) 2 + (dx 3 ) 2 for an orthogonal coordinate sys- 
tem, so that 

1 0 0 
M = 0 1 0 
0 0 1 
Let 

x 1 = r sin 6 cos <p = y 1 sin y 2 cos y 3 
x 1 = r sin 6 sin <p = y 1 sin y 2 sin y 3 
x 3 = r cos 6 = y 1 cos y 3 

Now 


.... dx a dx? 
9, <p) = g aii — — 
dy' dy’ 


dx 1 dx 1 dx 3 dx 2 dx 3 3x 8 
dy* dyt dy' dy’ dy' dy 1 
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Hence 

0u = (sin y 2 cos y 3 ) 2 4- (sm y 2 sin j/») 2 + (cos y 2 )- 
= 1 

Similarly 

gn = (y 1 ) 1 , 033 = (0 l ) 2 ( sm i/ 2 ) 2 , 0„ = 0 for t ^ j 

so that 

ds 2 = (d?/ 1 ) 2 4- (i/ 1 ) 2 ^ 2 ) 2 4- (y 1 sm j / 2 ) 2 (dy 3 ) 2 
= dr 2 4- r 2 d0 2 4- r 2 sm 2 0 d^ 2 


is the line element in spherical coordinates Since the g’ s are 
not constants, a spherical coordinate system is not a cartesian 
coordinate system 

Example 130 We define g' 1 as the reoipiocal tensoi to g, lt 
that is, 0 1 " 0 a ) = (see Prob 4, Sec 126) The g" aie the signed 
minors of the g n divided by the determinant of the f/ v , Foi 
spherical coordinates m a Euclidean space 


1 

0 

0 

0 

r 2 

0 

0 

0 

r 2 sm 2 8 


1 

0 

0 

0 

1 

r 2 

0 

0 

0 

1 

r 2 sm 2 8 


Example 131. We define the length L of a vector A 1 in a 
Riemannian space by the quadratic form 


L 2 = g afl A a AP (499) 


The associated vector of A‘ is the covariant vector 

A x = g, a A a 

It is easily seen that A' = g tfi Ap, so that 

L 2 = Q^A^A, = gt'A^A, 

We see that a vector and its associate have the same length 
If L 2 = 1, the vector is a unit vector 
Example 132 Angle between two vectors Let A* and B , be 
unit vectors We define the cosine of the angle between these 
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two vectois by 

cos 6 ~ A'B, = A'g.,B> = g tl A'B> 
= 


If the vectois aie not unit vectois, 


cos 6 = 


g»A'B' 


(500) 


(500a) 


If (j x ,A'B’ — 0, the vectors are orthogonal We must show that 
| cos ej 2= 1 Considei the vector XA* + gB* Assuming a posi- 
tive definite form, that is, g a $z a z e > 0 unless z l = 0, we have 


<7„/i(XA“ + pB a )(XA“ + nB a ) > 0 
or 

y = \\g a »A°A*) + 2\p(fl„pA a BP) + a0 B°B B ) > 0 

This is a quadratic foim in X 2 //A, so that the disciimmant must 
be negative, for if it were nonnegativc, y would vanish for some 
value of X/a or g/X Hence 


g+A*& < (g a 

oi | cos 0| < 1 Moreovei, if A' = KB', it is easy to see that 
cos 8 — +1 Hence |cos g 1 
Exam-pie 133 A hypersurface m a Riemanman space is given 
by i* = v'iu 1 , u 2 ) If we keep u l fixed, w l = uj, we obtain the 
space cuive *’ = x'(u], u-), called the u 2 curve Similaily, 
% l = i^u 1 , it 2 ) repiesents a u 1 curve on the surface These curves 

aie called the coordinate curves of the surface We have at 

once that on the surface 

2 

dx a dz^ 

ds 2 = g a p dx a dx B = ) g ali — - — du 1 du> 

du ' d 11 ’ 

dl a dl B , , 

— g 0 $ du’ du 1 


whcie h„ = g al) 


dx tt dxA 
du' du 1 


ds 2 = h„ du' du’ 


(501) 
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Example 134 The special theory of relativity Let us considei 
the one-parameter group of transformations 


x = - Vt) 

y = y 

z = z 


t = fi 



(502] 


where (3 = [1 — (7 2 /c 2 ) l _i and 7 is the paiameter c is the speed 
of light These are the Einstein-Lorentz tran&foimationa (see 
Prob 11, See 24) The transformations foim a group because 
(1) if we set V - 0, we obtain the identity transformations 
x = x, y = y, z = z, t = t, (2) the mveise transformation exists 
since x = p(x + Vt), y = y, z = z, t = p[t + (7/c 2 )^], the 
mveise transformation obtained by replacing the parametei V 
by -V, (3) the result of applying two such transformations 
yields a new Lorentz transfoimation, for if 

x = £(£ — 1 Yl) 

V = y 


wheie & = [1 — (T7 2 /c 2 )] *, then 


where 


x = I3(x — Ut) 

y = y 

z = z 



TJ V + W 
1 + (7T7/c 2 )’ 



ip\- i 
c */ 


We now assume that (x, y, z, i) represents an event in space 
and time as observed by S and that ( x , y, z, T) represents the 
same event observed by S (see Fig 101) 
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The oiigm 0 has x = y = I = 0, so that from (502) — — V, 

showing that S moves with a constant speed — V relative to S 
Similarly S moves with speed +V relative to S 



From (502) we see that 0 and 0 coincide at t = 0 At this 
instant assume that an event is the sending forth of a light wave. 
The results of Prob 11, Sec 24 show that 

x 2 + y 2 + z 2 _ x 1 + y- + z 2 = 2 
t 2 " P ° 

so that the speed of light is the same for both observers This 
is one of the postulates of the special theory of relativity Start- 
ing with this postulate and desiring the group property, we could 
have shown that the transformations (502) are the only trans- 
formations which keep dx 2 + dy 2 -f dz 2 — c 2 dt 2 = 0 an invariant 
Let us now consider a clock fixed in the S frame We have 
x — constant, so that dx = 0, and from (502) dt = (3 dl Hence 
a unit of time as observed by S is not a unit of time as observed 
by S because of the factor (3 ^ 1 S remarks that S’s clock is 
running slowly The same is true for clocks fixed in the 5 frame 
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We choose for the interval of our four-dimensional space the 
invariant 

ds 2 = c- dt 2 - dx 2 - dy 2 - dz 2 = (da; 4 ) 2 - (dx 1 ) 2 - (dx 2 ) 2 

- (da; 1 ) 2 

where a; 1 = x, x 1 = y, x 3 = z, x 4 = ct The interval ds 2 yields 
two types of measurements, length and time, but takes care to 
distinguish between them If we keep a clock fixed in the S 
frame, then dx = dy = dz = 0, so that ds 2 = c 2 dt 2 , and the 
measurement of interval ds is real and proportional to the time 
dt Now if we keep t fixed, dt = 0, and 

ds 2 = — ( dx 2 + dy 2 + da 2 ) 

so that ds is a pure imaginary, its absolute value denoting length 
as measured by meter sticks m a Euclidean space 

We shall describe the laws of physics by tensor equations, the 
components of the tensors subject to the transformations (502) 
This will guarantee the invariance of our laws of physics. 

The momentum of a particle of mass m 0 will be defined by 
dx** 

pa = m 0 — . If the speed of the particle is u, 


as measured by S, then 

ds 2 = c 2 dt 2 — (da; 2 + dy 2 + dz 2 ) = (c 2 — w 2 ) dt 2 

so that 

Too dx a 1 m 0 dx a 
pa = (c 2 - u 2 )* ~dt ~ c [1 - (wYc 2 )]* dt 

and 


P i 


Wo 

[1 - (uVc 2 )]* 


We define the Minkowski force by the equations 



1 d / dx“N 

(1 - (u‘ l /c 2 )f dt \ dt)’ 


a = 1, 2, 3, 4 
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The Minkowski force differs from the Newtonian force by the 
factor [1 - (uVc 2 )]" 5 The work done by the Newtonian force 

d ( dx a \ 

F a = — ( m — ) for a displacement dx“ is 
dt\ dt / 

dE = y — (rnxf) dx a 
‘-I, dt 

a = X 

3 t elm \ 

= ^ (mx a dx a + — x a dx a J 
mou du 

= [1 - («»/«*)]* 

and integrating, E — [ 1 — (ii 2 /c 2 )] - ^?«.oc a — m 0 c 2 = (m — m 0 )c 2 , 
with E = Ofor-u = 0 Expanding [1 — (u 2 /c 2 )]“ } in a Maclaunn 
series, we have E ~ |m 0 « 2 for (u 2 /c 2 ) « 1 
The reader is referred to Probs 1, 2, and 3 of Sec 82 for the 
application of special relativity theory to electromagnetic theory 
Let the reader derive (285) by use of this theory, choosing the 
frame S so that at a particular instant the charge p is fixed in this 
frame The force on the charge as measured by S is given by 
(285) 

Problems 

1 For paraboloidal coordinates 

*c 1 = y'y 2 cos y 3 
x 2 = y l y 2 sm y 3 

x 3 = w) 2 - m 


show that ds 2 = [(y 1 ) 2 + (yTlK*/ 1 ) 2 + (dy 2 ) 2 ] + (yV) s (dy s ) a . 

2 . Show that for a hypersurface in a three-dimensional 

_ , , , V dx a dx a 

Euclidean space, hi, — > 

du' du 1 

o = 1 

3 Show that the unit vectors tangent to the u 1 and u 2 curves 

. , 1 dx' 1 6x' 

are given by — 7 = — and — 7 = — 
v h\\ du 1 v h,i du 2 

4. If co is the angle between the coordinate curves, show that 
cos co — hu/’V h u hn. 
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5, <p(x 1 , x 1 , , x n ) = constant determines a hypersurface 

of a V n If dx' is any infinitesimal displacement on the hyper- 

d<p d(p 

surface, we have - — dx a = 0 Why does this show that the — 
ox a dx' 

are the components of a covariant vector that is normal to the 

hypersurface? 

6 If ^(x 1 , x 2 , . . , x n ) = constant, show that a unit vector 


( d<p\ * dtp 

I q r P I q ,a — 

\ dx" dx») y dx a 


normal to the surface is given by ( g’< 

\ dx" dx?/ 

7 Consider the vector with components (dx 1 , 0, 0, . , 0) 

Under a coordinate transformation the components become 

( - — • dx 1 , — ; dx 1 , , — - dx 1 ) Consider the new components 

\dx L ’dx 1 dx 1 / 1 

for the vectors with components (0, dx 2 , . , 0), . , (0, 0, 

. . , 0, dx n ), and interpret 


dx 1 dx 2 • • dx" 


dx 

dx 


dx 1 dx 2 • 


dx " 


Using the result of Prob 7, Sec 121, show that V[g| dx 1 dx 2 • • dx" 

is an invariant We define the volume by 


V = J j • • • / VR dx 1 dx 2 • • • dx" 
dx* 

8 Show that - is a unit vector for a 7„ 

as 

9 The surfaces x‘ = constant, i = 1 , 2, . . . , n, are called 

the coordinate surfaces of Riemannian space On these surfaces 
all variables but one are allowed to vary This determines 
subspaces of dimensions ( n — 1). If we let only x 1 vary, we 
obtain a coordinate curve Show that the unit vectors to the 
coordinate curves are given by a, = l/'V'^T, i = 1, 2, , n, 

and that the angle of intersection between two coordinate curves 
is given by 



10 Show that a length observed by S appears to be longer as 
observed by S, How does 5 compare lengths with S'! 
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11. Let j x , j v , j„ p be the components of a vector as measured 
by S. What are the components of the same vector as measured 

by 5? 

d 2 x d 2 y d 2 2 


12 


Let — , — Is — be the components of the acceleration of a 
dt 2 ’ dt 2 dt 2 


particle as measured by S 


d 2 x d 2 y d 2 z 

Fmd d? (502) ' 


128. Geodesics in a Riemanman Space. If a space curve in a 
Riemanman space is given by x' = x'(t), we can compute the 
distance between two points of the curve by the formula 


rt i / dx a da A* 

- /.. v-irs) •“ 


(503) 


To find the geodesics we extremahze (503) (see Sec. 40) The 
differential equations of the geodesics are [see Eq (146)] 


d_ 

dt 




(504) 


where / = (g«p a“x fl ) 4 = 


ds 

dt 


Now 


and 


dx { 



d_ ( df\ _ d_ ( g a ,x“ + 
dt \dx') dt\ 2 ds/dt / 


= 2^7 It + + - x " x * + ~ x ' x ‘ 


dx * 


1 


dx 

d 2 s 


j 


2 (ds/dt) 2 dt 2 


(. gaiX a + g,^) 


ds d^s 

If we choose s for the parameter f. s = t, — = 1, — = 0, and 

dt ’ dt 2 

use the fact that g„ = g n , (504) reduces to 
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Multiplying (505) by g Tt and summing on i, we obtain 


x r + ^l( d JSl + d Jl_ d J^) xax , = 
2 \dx fl dx a dx' ) 


0 


or 


where 


d 2 x 

ds 2 


dx“ dx? 
ds ds 


ZAL j_ r T _ _ _ n 

"T i off - j - u 
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(506) 


r _ sz (*o« , to* _ W\ 

r * “ 2 W + a*« aW (507) 


The functions are called the Christoffel symbols of the second 
kind Equations (506) are the differential equations of the 
geodesics or paths 

Example 135 For a Euclidean space using orthogonal coordi- 
nates, we have ds 2 = (da: 1 ) 2 + • + (dx n ) 2 , so that g aS = 5 o(i 

do 

and — = 0. Hence the geodesics are given by — = 0 or 
dx k ds 2 

x J = a r s + b r , a linear path 

Example 136. Assume that we live in a space for which 
ds 2 = (dx 1 ) 2 + [(a 1 ) 2 + c 2 ](dx 2 ) 5 , the surface of a right helicoid 
immersed in a Euclidean three-space We have 



1 0 


1 0 

IWI = 

0 (x 1 ) 2 + c 2 

- Ill’ll = 

° (x 1 ) 2 + c 2 


Thus we have 


Tu 

= 0, 

ii 


= r} s = o, 

r 2 = 
1 12 

r 1 

1 22 

ii 

i 

ii 


x 1 

(x 1 ) 2 + c 2 


so that the differential equations of the geodesics on the surface 
are 



d 2 x 2 2x l dx 1 dx 2 

ds 2 (x 1 ) 2 + c 2 ds ds 
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Problems 

1. Derive the of Example 136 

2. Find the differential equations of the geodesics for the line 
element ds 2 = (da; 1 ) 2 + (sin a; 1 ) 2 ^ 2 ) 2 

3 Show that = T T Ba 

4 For a Euclidean space using a cartesian coordinate system, 
show that r T a3 = 0 

5 Obtain the Chnstoffel symbols and the equations of the 
geodesics for the surface 

x l = u l cos u 2 
x 2 = u 1 sin u 2 
x 3 = 0 


This surface is the plane a; 3 = 0, and the coordinates are polar 
coordinates 


G From (507) show that = g^Y" ah + g aa T’ 0ll 

vX 11 


7 Obtain the Chnstoffel symbols for a Euclidean space using 
cylindrical coordinates Set up the equations of the geodesics 
Do the same for spherical coordinates 

8 Write out the explicit form for the Chnstoffel symbols of 
the first kind {i, jk] = g„Tj k 

9 Let ds 2 = E du 2 + 2F du dv + G dv 2 Calculate |f/(, g' », 
i, ] = 1, 2. Wnte out the r' ]k . 


10. If T] k 


a dx? dx 7 dx' d 2 x * dx ' 

dx 1 dx k dx“ dx> dx k dx"’ 


show that Tg y 


- r 


yp 


are the components of a tensor. 

129. Law of Transformation for the Christoffel Symbols. 
Let the equations of the geodesics be given by 


d 2 x' dx’ dx k 

l y x ■ = o 

ds 2 ,k ds ds 

d 2 x' dx’ dx k 

ds 2 ,k ds ds 


(508) 

(509) 


for the two coordinate systems x', x' m a Riemanman space We 
now find the relationship between the Y) k and T] k Now 
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dx' dx' dx a 
Is ~ dx a ds 


and 


d 2 x' _ dV dx“ dx& dx' d 2 x a 
ds 2 dx^ dx a ds ds dz“ ds 2 


Substituting into (509), we obtain 


dx' d 2 x a d 2 x ' dx a dx * dx’ dx k dx a dx fi 

dx a ds 2 dx P dx a ds ds ,k dx a dx& ds ds 


(510) 


We multiply (510) by 


— and sum on i to obtain 
dx' 


d 2 x" /_ dx 1 dx k dx" d 2 x' dx°\ dx a dx& 

, I I pt . — . . , I _ _ . 1 . _ (j 

dx ! \ lk dx a dx' dx a dx'/ ds ds 

Comparing with (508), we see that (using the fact that rj* = r].,) 


dxA dx' dx' 

0y dx ’ dx k dx a ' dx’ dx k dx * 


(511) 


This is the law of transformation for the r* We note that the 
r|» are not the components of a tensor, so that the r)* may be 
zero m one coordinate system but not in all coordinate systems. 
Example 137. From (481) we have 


M 

dx * 



and from Prob 6, Sec. 128, 


so that 


or 


dx " 

9 log lg| 

dx " 


— g«Tc* 




= % rL + 5fr; 


u a afi 

i pi 3 — 9 r a 

— an V J- 0n ~ an 


<r l Pn 


9 log Vjgl 
dx <* 


= r 


a 

an 


(512) 
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Example 138. We may arrive at the Chnstoffel symbols and 
their law of transformation by another method Differentiating 
the law of transformation 

dx a dx s 
S “ ~ g ° f d& dx’ 
with respect to X k , we have 

dg v dg af dx-r dx- dx* /dx* dW dx? d^x* \ 

dx k dx y dx k die' dx 1 \35‘ dx k dx’ dx 1 dx k dX'j 

If we now subtract (513) from the two equations obtained from 
it by cyclic permutations of the indices i, j, k, we obtain 


where 


_ a dx s dx y dx' 

~ Tfy die > dx k dx* ' 


d‘X a dx' 
dx 1 dx k dx “ 



dx i 



dg, A 

dx ') 


(511a) 


Example 139. Let us consider a Euclidean space for which 

ds 2 = (dx 1 ) 2 + (dx 2 ) 2 + • + (da,") 2 

In this case the r^(x) =0 In any other coordinate system, we 
have 

,. N av dx' 

* ~ dx’ dx k dx" 


If the new coordinate system is also cartesian (the g„ = con- 
stants), then r; fc = 0, or 


as j dx k 

x r = alx° + b’ (514) 

where a", b" are constants of integration. 

Hence the coordinate transformation between two cartesian 
coordinate systems is linear If, furthermore, we desire the 
distance between two points to be an invariant, we must have 
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l 




(515) 


A linear transformation such that (515) holds is called an orthog- 
onal transformation 
For orthogonal transformations, 


dx a dxf> 
9 ” dx' m 


dx a ax 11 dx' 

reduces to 6,, = 5 a 0 — — • We multiply both sides by — and 
ax' ax’ dx 11 

sum on i, so that 


dx 1 
dx " 


dx ^ 
S afl % — 
M dx’ 


dx$ dx 11 

S M a = — 

P Sx> dx 1 


(516) 


Now let us compare the laws of transformation for covariant 
and contravariant vectors We have 

A' = A“ 1, = A a ~ (517) 

dx a dx' 

dcc a 

Replacing — - by — from (516), we see that 
c)x* 

< si8 > 

a = 1 

so that orthogonal transformations affect contravariant vectors 
in exactly the same way that covariant vectors are affected (com- 
pare (517) and (518)] This is why there was no distinction 
made between covariant and contravariant vectors in the 
elementary treatment of vectors 

Problems 


1 From (511) show that 


L i* 


a dx fi dx y dx' 
dx ‘ dx k dx a 


d^x" dS 1 
dx 1 dx k dx * 
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2 By differentiating the identity g' a g a , = S'„ show that 

~ = -g hk n s - 9 h < 

aX J 

3 Derive (513) by performing the permutations 

4 If ~ = 0, show that - — — r = 0. 


dx’ dx k dx a 


dx 1 dx k 


5 If 


show that 


dx e dzt dx ' 


d i x a dx' 


T,k ^ dx ’ dx k 32“ + dx> dx k dx" 


dx P dxf dx' 3 V dx' 

r jt - F(iy s - } dxa ^ 


6 If a:“ = ^“(u 1 , w 2 , . . , u r ), a = 1, 2, . , n, r < n, and 

dx “ dxf 

ff fit, = g a p — t ~> and rf 

(r )a = - f — + — - — ^ 

2 h \3u* + dvf dW 


show that 


, dx a dx * dxf 

K{Y, k ) h = ^ 


3;z“ 3 V 


du' du’ du k 


7 Define g a p{x) by the equation g a g( x) = n{x)g a p{x) We see 
that the metric tensor g a p(x) is determined only up to a factor of 
multiplication fi(x) In this space (conformal) we do not com- 
pare lengths at two different points, or, in other words, the unit 
of length changes from point to point. Show that 

r? T (aO = T| 7 (a;) + <p 7 5£ + <pp&“ — g a °gp y v, 

where <p c = ^ 1%, and T| r are defined by (507) using 

g a:i and g a s 

8 Prove that a geodesic of zero length (minimal geodesic) 

dx a dx^ 

[that is, z a (s) satisfies (506) and g tt a — — 7 - = 0] remains a 

as as 

minimal geodesic under a conformal transformation. 
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130. Covariant Differentiation. Let us differentiate the abso- 
lute covariant vector given by the transformation 



We obtain 

dli _ BAa dxA fa* 3V 

dx’ fat dx 1 dx’ “ dx’ 8S l 


(519) 


It is at once apparent that — - are not the components of a 

ax’ 

tensor However, we can construct a tensor by the following 
device. From (511a) (see page 292) 


„ dx* dx T dx a , 3 V dx a 

r « _ r " T dx ' dS’ fa~> + dx- dx’ fa* (520) 

Multiplying (520) by A„ and subtracting from (519), we obtain 

3 A _ I.r; _ _ a , t A tn « (521) 

dx’ ” \dxfi P V dx 1 dx’ v ’ 


bo that if we define 


we have that 


l = — _ a r* 

Ax ’’~dx’ 


r dx“ dx s 

A XiJ = A a ,0 tt t ZT 
’ dx' dS,’ 


(522) 


and A M is a covariant tensor of rank 2 The tensor is called the 
covariant derivative of 1, with respect to x’ The comma will 
denote covariant differentiation For a cartesian coordinate sys- 

dA 

tem, rh = 0, so that A,,, = — our ordinary derivative 
1 dx’ 

For a scalar of weight N we have 


A = 



A 
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so that 


dx 
d — 
"- 1 dx 


a A _ dx " dA far N dx "- 1 |35| ^ 

dx’ ~ dx dx a dx 1 ~ 32 dx> 


and from (482), 


dx 35“ d'h? 
dx dx" 32' 35“ 


Hence 


3A _ dx N 3A dx a 
35' ~ 35 dx a dx ' 


dx N 35“ 3 V 
— — — — _ 

35 dx® dx ' 35“ 


$3/° dx a — 

Multiplying 1% = ~ — by iVA and subtracting 


from (523), we have 


— - NAT° a = d -^ (— - WArJ) % (524) 

32' ’ 32 \dx a / dx’ 


Hence A,,s — ■ — NAY" is a relative covariant vector of weight 
dx’ 

N It is called the covariant derivative of the relative scalar 
A For a cartesian coordinate system it reduces to the ordinary 
derivative 

In general, it can be proved that if f, is a relative tensor 

of weight N, then 


maim ar 
0i0i 0t m 


'xmaicn ar 

v 1 fiifii 0, i mpai ar -pal r . , 1 maiat fi -r^cxr 

“ r A ~T~ A p lfit 0,1 


maiat ob-p/i 

A fiffi 0, A 0 im 


■ 0102 M 1 fiim 


- NT%% f;r; m (525) 

is a relative tensor of weight N, of co variant order one greater 
than T'p.pl and it is called the covariant derivative of Tg J* g'. 
Example 140. We have 


g ** = -g ~ vm ra - g^k 


so that from Prob 6, Sec 128, 

9v.k = 0 


(526) 
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Example 141. If <p is an absolute scalar, <p = p, we call 

a . = — the gradient of <p 
™ dx’ 

Example 142 Curl of a vector Let A, be an absolute covari- 

dA 

ant vector We have A,,, = — - A a r“ Similarly, 


. dA, 

A„. - ~ - A.r; 


BA, dA , . 

Hence A,,, — A h , = — — — — is a covariant tensor of rank 2 

(ftCj o3J 

It is called the curl of the vector A , If the A, are the components 

d<p 

of the gradient of a scalar, A, = — > then 

dx' 


curl A, 


3V t)V 

dx 1 dx' dx 1 dx' 


so that the curl of a gradient is zero It can be shown that the 
converse holds If the curl is identically zero, the covariant 
vector is the gradient of a scalar 

( 1 %^ 

Example 143 Intrinsic derivatives Since A,,, and — are 

ds 

tensors, we know that A ,,, — is a covariant vector We call it 

as 

the intrinsic derivative of A, We have 


dx’ dA, dx’ dx’ 

ds dx’ ds “ ” ds 


5A, _ dA, -pgdff 
Ss ds “ 11 ds 


(527) 


and write the intrinsic derivative of A, as — ■’ 

os 

Example 144 The divergence of an absolute contravanant 
vector is defined as the contraction of its covariant derivative 
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Hence 


dA. a 

div A' = A“ = — + A* T' m 
ox a 


Now r; 


,, _ <3 log Vfc! 


from (512), so that 


„ 3A“ , 1 dV~g A 

In spherical coordinates, we have 

10 0 J 

V\g\ = 0 r 2 0 = r 2 sin i 

0 0 r 2 sin 2 9 


so that 


4- f- 

sm 0 L dr 


(r 2 sin 0 A r ) + — (r 2 sin 9 A 6 ) 
ou 


+ — ( r 2 sm 0 A*) 

dip 


and changing A® and A* into physical components having the 
dimensions of A r (see Example 121), we have 

1 F 3 d S 

div A' = — — (r 2 sin 9 A r ) -\ (r sin 9 A 2 ) H (rA* 1 ) 

r 2 sm B Ldr v 39 ' 1 dip ^ ’ 

Example 145. The Laplacian of a scalar invariant If ip is a 
scalar invariant, <p :1 is the gradient of <p, and the div (<p,,) is called 
the Laplacian of <p 

Lap <p = Vfy = div ( <p ,,) = div 

3x ’ 


W = 


l a 
V\^\dx° 


(vWrS) 
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dtp . 

We changed — - into a contravanant vector so that we could 

annlv (528) The associate of — is q a > — • 
v ax' ax> 

In spherical coordinates 



1 0 0 

l 

1 0 0 

w - 

Or 2 0 

' Id = 

o 

o 


0 0 r 2 am 2 8 


T— ] 

o 

o 




r 2 sin 0 


so that 

i T 5 / , „ , a / . an . a / l an 

V 2 F = — - r’smS — ] smS — 1 + — ( — 1 

r 2 sm a [ar\ dr) d8\ ddj dip \sm 6 dip) 

Example 146 In Example 144 we defined the divergence of 

aA“ 

the vector A’ as div A' — A“ = — — + A‘T’„ l - For a Euclidean 

dx“ 

space using cartesian coordinates, the Ft = 0, so that 

aA" 


. . aA 1 , aA 2 , 

div A* = — ■ d + 

dx 1 dx 2 


+ 


dx n 


The quantity A a a is a scalar invariant If we let JV, be the com- 
ponents of the unit normal vector to the surface da, then A a N a 
is also an invariant In cartesian coordinates the divergence 
theorem is 

lit div A dr = J J A • dd = j f A • N da 

K S S 

In tensor form it becomes 


III A“ dT = J j A a N a da (530) 

J b J s 1 


We can obtain Green's formula by considering the covariant 
vectors <p A and Now let 

A, = — W'.i 
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The associated vector of A, is A“ = g a 'A, = g a '{4><p,x — p^ it ) 
We easily see that A" = g a '{'l'<p,i a - W'.w)* Now p°V,.a is an 
invariant and in cartesian coordinates reduces to 

dV dV dV _ 

(da ; 1 ) 2 + (da ; 2 ) 2 + (dx 3 ) 2 &P * 

Hence, using (530), we obtain 

/ / / ^ a P ^ ^ ^ a P '/') dr = y" y g a 'A,N a da 

= 1 1 (jl'v.i — da 

s 

Example 147 Let us consider the eovanant vector F a We 
multiply it by the contravanant vector dx a and sum on a to 

dx a 

obtain the invariant P a dx a = F a — ds, which reduces to f • dr 

as 

in cartesian coordinates In Example 142 we constructed the curl 
of a vector, which turned out to be a tensor of rank 2 We 
now construct a vector whose components will also be those of 
the curl of a vector We know that F a ,$ is a tensor. Now 

define = — 4== if a, 8, y is an even permutation of 1, 2, 3; 


= _ — — if a , &, 7, is an odd permutation of 1, 2, 3; 

V M 

ftfy — o otherwise Thus 


We obtain a new invariant 


G J = -e a ^F a ,p 


In cartesian coordinates F~s = ~r> and 

dxP 

(?i = F u , = ~[ S ™F„ + c^F s , 2 ) = 

dx 2 dx 3 
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and similarly for G"- and G 3 Hence Stokes’s theorem in tensor 
form reads 


/ F ‘ 2 it ds = / f~ ff * yF «* N 'r ** 


( 531 ) 


Problems 

3S‘ 

1 By starting with A* = A° — , show that 


is a mixed tensor 

2 Prove that (g ta A a ),, = g ta A* 

3 Prove that ( A“B a ), ] = A a B a ,, + A"B a 

4 Prove that \g\,, = 0 

5 Use (529) to find the Laplacian of F m cylindrical coordi- 
nates 

6 Prove that 5J_ fc = 0 

7 Prove that — (V]ff| g' a ) + T' afl g al> = 0. 

8. As m Example 143, show that the intrinsic derivative 
SA' dA' , . dx* . 

— s= — + A a T„ B — is a contravariant vector, 
is ds ds 

9 Show that the intrinsic derivative of a scalar of weight N 

is — = — — NATL so that if A is an absolute constant, 
is ds ds 

^ = 0 
is 

10. Show that (g a pA a AP),, = g a pA“AP + g a $A a A^ r 
dA r 

11 Show that A\ t = — + r^A; - T^' for an absolute 

' ax' 

mixed tensor A r , 

12 Show that V 2 (^) = <p W + 2 Vy ^ V 2 v 

13 Show that A“ a = 1 3 


V^f 


(VR Af) - A%Tl. 
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14. If A x = A { (x, t) is a covariant vector, show that 

SA , _ . dx 1 

~St ~ ~dt ' dt 


. Sv , 3i\ 

and hence that the acceleration /* = — = —+ v,,^ 1 

52 at 

15. Let \ a be an arbitrary vector whose covariant derivative 

Vanishes; that is, \ a ,p = 0. Consider j J T aB \„Np da, and apply 

s 

the divergence theorem to the vector T aB \ a Hence show that 
j j T afi Np da = j I j T*$dr 


16. Let s, be the displacement vector of any particle from its 
position of equilibrium (see See 115). We know that s,,, is a 
covariant tensor. The relative displacements of the particles 
are given by 

5s, = s,,, dx 

= K« dx’ + - s,,,) dx? 

Show that the term l(s w — s,.,) dx ’ represents a rotation 
We define the symmetric strain tensor E t , by the equation 

= b( s >,i “b s :.») 

The stress tensor J 7 ,, is defined by the equations 
A F, = T t] N’ Air 

where A F, is the force acting on the element of area A<r with 
normal vector N’ (see Sec 116) 

Let f r be the acceleration of the volume dr and F r be the force 
per unit mass acting on the mass in question Show that 

/// pF r dl + // T r ,N> d<T = j ff pf r dr 

R S J R J 

or using contravariant components, 

III pF r dr + / / T'N, d<T= ff f pf' dr 

r a J b j 
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pFr +T” = pf r 

If fr> ~= pgn t show that 

pF r - p.,g n = pf T 
or 

pF r — p, r = pfr [see (411)] 

131. Geodesic Coordinates. The equations of the geodesics 
are given by 

d 2 x' dx’ dx k 
ds 2 ,k ds ds 

where the transform according to the law 

da* dxy dff dV dx' 
lk Py dx’ dx k dx a ‘ di’ 8x k dx“ 


We ask ourselves the following question If the T] k are different 
from zero at a point a’ = q', can we find a coordinate system 
such that F] t - 0 at the corresponding point? The answer is 
“Ycs’M 
Let 

x' = (a* - q') + i(r^) ,(a a - g“)(a* - q») (533) 

55 ' dx 1 

so that ■ — =5f and — =1, and moreover the transforma- 
da’ 4 1 dx’ a 

tion (533) is nonsingular The point a’ = q' corresponds to the 
point a' = 0 

Now differentiating (533) with respect to x’, we obtain 
dr* dx& 

3]=— +(F "*),(*■-«•) — (534) 

da 1 

because of the symmetry of Hence — = 5] 

OX q 

Differentiating (534) with respect to x k , we obtain 


0 = 


, / r , \ d J* 

dx k dx’ 5 dx k dx? 


+ (r a( ,) s (a“ - 


q°) 


dV 
dx k dx? 
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d 2 x' /Tll N dx a dx$ 

= -(W?af = -(ry. 

Substituting into (532), we obtain 

(ry. = (W,s^s' a - (ry,«L 

= (ry, - (ry« = o, qed 


Any system of coordinates for which (ry p = 0 at a point 
P is called a geodesic coordinate system In such a system, 
the covariant derivative, when evaluated at the origin, becomes 
the ordinary derivative evaluated at the origin For example, 




+ (ry 0 (A<% = 



since = 0 at the origin 

The covariant derivative of a sum or product of tensors must 
obey the same rules that hold for ordinary derivatives of the 
calculus, for at any point we can choose geodesic coordinates so 
that 



dA' dB' d(A' + B') 

dx’ dx’ dx ! 


(A* + B*)„ 


and A), + B\ , — (A' + B'),, is a zero tensor for geodesic coordi- 
nates Hence A), + B' ( — (A’ + B‘) t , is zero m all coordinate 
systems, so that 

A|, + B), (A< + B*),; 

We leave it as an exercise for the reader to prove that 
(A’B,),* = A;*B, + A'B„* 

Equation (533) yields one geodesic coordinate system There 
are infinitely many such systems, since we could have added 
<Pafy(x){x a - q“){xP - 5 (S )( xt - qt) to the right-hand side of 
(533) and still have obtained (ry 0 = 0 
A special type of geodesic coordinate is the following Let 
£' = x'(sl be a geodesic passing through the point P, x' = a.J, and 
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P 


Define 


S* = ?s 


(535) 


where s is arc length along the geodesic. Each f determines a 
geodesic through P, and s determines a point on this geodesic 
Hence every point in the neighborhood of P has the definite 
coordinate x l attached to it. The equations of the geodesics m 
this coordinate system are 


d 2 x l dx ! dx k 

ds 2 ,k ds ds 


d& , „ 

But — = 5* and — = 0, so that 
ds as 2 

1%?? = 0 (536) 

Since this equation holds at the point P for all directions we 
must have T l lk + f), = 2T' k = 0, so that the x l are geodesic 
coordinates The x l = %'s are called Eiemannian coordinates. 
Example 148. If £* is a unit vector, we have 

g*PP = i 

The intrinsic derivative is 


g a s—e + g ^--0 




since (g a p) ,, = 0 (see Example 140) Hence g„p£ a — = 0, and 




'd? 


dx°\ 


Q«i>r \T + y) = ® see t ' lat vector 

, dx" 
ds ds 


is normal to the vector 5* 


Problems 


dec 0 dx^ 

1 Show that g„B — — — remains constant along a geodesic. 
ds ds 

2, Show that for normal coordinates x\ = 0. 
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3 If s is arc length of the curve C, show that the intrinsic 

derivative of the unit tangent — in the direction of the curve 

as 

has the components 


P' = 


dAx' % dx’ dx k 
d. s* + ^ Is Is 


What are the components for a geodesic? 

5 6 X a $ 

4. Prove that — (X a Y a ) = 7 a + X a 

ot ot 01 

132. The Curvature Tensor. Let us consider the absolute 
contravanant vector V' Its covariant derivative yields the 
mixed tensor 


37* 

V' b 7«T* 

■' dx, + 


On again differentiating covariantly, we obtain 
37* 

7* = —a 4- y“r* u — 7* t“l 

A dV a dT' ( 37“ \ 

Sr + ^ r - + r-~- + (^ + r'rj)r; 


dx k 
3 ; 7* 
dx k dx 1 


-(£'+r- r i.) r r, 


Interchanging fc and j and subtracting, we have 

V\, k - V\, = V a B' aik (537) 

where 

B ° !k = d ~B ~ it + - TikT * (538) 


Since V\, k — V\ h] and 7’ are tensors, V' a , k must be the components 
of a tensor, from the quotient law (Sec 126). It is called the 
curvature tensor. We can obtain two new tensors of the second 
order by contraction, 



Sec 133 ] 
Let 


TENSOR ANALYSIS 


307 


R>, = = 


dx 1 


ar: 

dx' 


f + - rf ; r|, 


fia 


(539) 


This tensor is called the Ricci tensor and plays an important role 
in the theory of relativity 
We obtain another tensor by defining 


S t] = B 


a 

at] 


_ ars, 

dx 1 dx' 


(540) 


Evidently *S>, = — S 3S and if we use the fact that 


we have that 


S„ 


d log Vfgf 
dx“ 


= r 


at 


d 2 log Vfgf _ d 2 log Vfff] = Q 

dx' dx’ dx’ dx' 


Now R t , — R n = S„ = 0, so that the Ricci tensor is symmetric 
in its indices. We could have deduced this fact by examining 
(539) directly 

The invariant R = g'’R x , is called the scalar curvature 

133. Riemann-Christoffel Tensor. The tensor 


R\ X jk = QhaB* k (541) 

is called the Riemann-Christoffel, or covariant curvature, tensor 
Let us note the following important result Assume that the 
Riemanman space is Euclidean and that we are dealing with a 
cartesian coordinate system. Since r) fc (a;) = 0, we have from 
(638) 

B\u = 0 (542) 

in this coordinate system But if B' lkl = 0 in one coordinate 
system, the components are zero in all coordinate systems. 
Hence if a space is Euclidean, the curvature tensor must vanish. 
We shall show later that if B] kl = 0, the space is Euclidean. 
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If we differentiate (538) and evaluate at the origin of a geodesic 
coordinate system, we obtain 


d 2 r‘ 

= a ’ 

dx' dx k 


dx c dx> 


Permuting j, k, a and adding, we have the Bianchi identity 

B' ahi , + B' a '„ k + B x ak ,,i = 0 (543) 

134, Euclidean Space. We have seen that if a space is 
Euclidean, of necessity B) kl = 0 We shall now prove that if 
the B) k , = 0, the space is Euclidean Now 

r , (v) = rS ( x) Md_vdx W 

,lc ^ dy’ dy k dx“ dy’ dy k dx a 


If there is a coordinate system (a: 1 , x 1 , 
r^(x) = 0, then 




dV djl 

dy’ dy k dx” 


, x n ) for which 


(544) 


and conversely, if (544) holds, the r^z) =0 Now let us inves- 
tigate under what conditions (544) may result We write (544) 
as 


5 2 s" 
dy’ dy k 


dx 7 
dy' 


r 


(545) 


which represents a system of second-order differential equations 
Let us define 


so that (545) becomes 



dill 


(546) 


(547) 


For each a we have the first-order system of differential equations 
given by (546) and (547), which are special cases of the more 
general system 
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— = /,‘(*S Z 2 , ■ ■ - Z n , Z n+l , y\ ■ . , r) 

dy 1 

If we let z 1 = x”, z 2 = Mi, z 8 = Mj, 
and (547) reduce to (548) 


fc — 1, 2, , n + 1 

i = 1. 2, . , n 

(548) 

z n+1 = u’ n , Eqs (546) 


We certainly must have 


bh 

dy 1 dy ’ 


dh 

dy 1 by 1 ’ 


and this implies 


by 1 dz" by 1 by 1 bz* by I 
or / (549) 

by 1 ^ bz“ h by>' r dz>‘ J ’ I 


If the f} are analytic, it can be shown that the integrability con- 
ditions (549) are also sufficient that (548) have a solution satis- 
fying the initial conditions z h = 4 at if = y\. The reader is 
referred to advanced texts on differential equations and especially 
to the elegant proof found m Gaston Darboux, “Logons systfemes 
orthogonaux et les coordonndes curvilignes,” pp 325-336, 
Gauthier-Villars, Paris, 1910. 

The integrabihty conditions (549), when referred to the system 
(546), (547), become 


r f k < = t%v* 

B?kl U u = 0 


(550) 


The first equation of (550) is satisfied from the symmetry of the 
F;*, and the second is satisfied if E“ kl = 0. Hence, if B° kl = 0, 
we can solve (545) for z 1 = x° in terms of y 1 , y 2 , ... , y n . For 
the coordinate system (a: 1 , x 2 , ... , x n ), we have r) t (a:) = 0. 


Problems 

1. Show that Rh„k = — R,h,k = —Rhik, and that 


Rltjk Rh\kk 0 


2 Show that H*,,*, + + Rh,k, = 0 

3 If R„ = kg,,, show that R = nk. 
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dx l 

135 . Frenet-Serret Formulas. LetX 1 = — be the unit tangent 

as 

vector to the space curve x' = x'(t), t = 1, 2, 3, m a Riemanmau 
space In Example 148 we saw that the contravariant vector 

— is normal to X*. Let us define the curvature as k = 

8s 

and the principal unit normal /i‘ by 


SX^SX 3 
Bs Ss 


SX* 

= Kll' 

Ss 


(551) 


Since u’ is a unit vector, we know that - — is normal to n' Now 
g af \ a ^ = 0, so that the intrinsic derivative yields 


5 pfi 5X“ 

^X“-+^-^ = 0 


since g a i,, 



Hence 


gal X a + KffaPflV = 0 

OS 

or 

^X“ (f + ‘X*) = 0 (552) 

since g^V = g^X^ = 1 

Equation (552) shows that + kX‘ is normal to X‘, and since 

— and X’ are normal to /x‘, — -f kX 4 is also normal to p' We 
8s Ss 

311 
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define the bmormal v' by the equation 



(553) 

(554) 


where r is called the torsion and is the magnitude of 



Since v' is normal to both X' and m‘, we have 

QcgvW = 0 

Sr^rV = 0 (555) 

By differentiating (555) and using (551), (554), (555), we leave 
it to the reader to show that 





(556) 


The vector Tfi* — — is thus normal to all three vectors X*, u' v 

OS 7 7 

Since we are dealing in three-space, this is possible only if 

t/i‘ — — “ 0, or 
os 



(557) 


Writing (551), (554), (557) m full, we have the Frenet-Serret 
formulas 
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For a Euclidean space using cartesian coordinates, the = 0, 
and (558) reduces to the formulas encountered m Sec 24 

Problems 

1 Derive (556) 

2 Using cylindrical coordinates, 

ds 2 = (dz 1 ) 2 + (z') 2 (dz 2 ) 2 + (dz 3 ) 2 

and for a circle z 1 = a, z 2 = t, z 3 = 0 Expand (558) for this 
case, and show that k = 1/a, r = 0 
6 2 X* U 

3 Show that — - = — k 2 X‘ -| n' - ktv' 

5s 2 5s 

4 Since (558) is true for a Euclidean space using cartesian 
coordinates, why would (558) hold for all other coordinate sys- 
tems in this Euclidean space? 

_ a , dz 1 d 2 z* dx" dxfi 

5 Since X* = — show that — + 1’^ — — are the com- 

cts ds cts ds 

ponents of a contravanant vector 
136. Parallel Displacement of Vectors. Consider an absolute 
contravanant vector A l (x l , z 2 , , z") in a cartesian coordi- 

nate system. Let us assume that the components A 1 are con- 
stants. Now 


so that 


since dA' = 0 


A' = 1 “ — i 
dx* 


dA' = 


a r 

A' = A* — 
dx a 


d~X v dx B 


dA' = A* 
From (511a) (see page 292) 
T' ■■ 


dx s dx a dxt 
We thus obtain 

fl 2 z‘ dx? dx a 


dzr 


dx s dx a dxf dx" 


dSt 


dxx dx* dx a 


since r; fc = 0 


d 2 X' dx p dx a 

— from (483) 

dx$ dx a dx"f dx’ 


so that 


dA' = —A’T' cy d& 


(559) 
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In general, a Riemanman space is not Euclidean We gener- 
alize (559) and define parallelism of a vector field A 1 with respect 
to a curve C given by x' = x'(s) as follows. We say that A 1 is 
parallelly displaced with respect to the Riemanman 7„ along the 
curve C, if 

dA i dx r 

la ~ ~ ArT "1 
or 


54* 

Is 


~ + r i r 4’ 


dx T 

ds 


= 0 


(560) 


We say that the vector A' suffers a parallel displacement along 
the curve Notice that the intrinsic derivative of A' along the 
curve x'(s) vanishes 

dcc^ 

In particular, for a geodesic we have - — + TV, — - — == o 

as 2 ds ds ’ 

dx l 

so that the unit tangent vector — suffers a parallel displacement 
along the geodesic 

Example 149 Let us consider two unit vectors A', B\ which 
undergo parallel displacements along a curve We have 


and 


cos 6 = g a aA a B ff 


5 (cos 0) 54“ , , 6B» 

5s +g °* Aa ~l = 0 


so that 0 a constant Hence, if two vectors of constant magni- 
tudes undergo parallel displacements along a given curve, they 
are inclined at a constant angle. 

Two vectors at a point are said to be parallel if their corre- 
sponding components are proportional If A' is a vector of 
constant magnitude, the vector B • = <pA l , <p = scalar, is parallel 
to A' If 4* is also parallel with respect to the V n along a curve 


, / % , 54’ 

X' = x'(s), we have — =0. Now 
5s 

SB' 54’ .dip dip 1 dip 

— = <fi h — 4’ =-x- A 1 =- — B' 

5s 5s ds ds <p ds 


^(log <p) 

~ir~ B 
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We desire B l to be parallel with respect to the V n along the curve, 
so that a vector B' of variable magnitude must satisfy an equa- 
tion of the type 

SB' 

= /(s)B* (561) 

if it is to be parallelly displaced along the curve. 

Problems 

1 Show that if the vector A 1 of constant magnitude is par- 
allelly displaced along a geodesic, it makes a constant angle with 
the geodesic 

2 If a vector A 1 satisfies (560), show that it is of constant 
magnitude 

3 If a vector B' satisfies (561) along a curve r, by letting 
A' = i j/B' show that it is possible to find f so that A 1 suffers a 
parallel displacement along T 

4 Let x l (f), 0 S t ^ 1, be an infinitesimal closed path. The 
change m the components of a contravanant vector on being 
parallelly displaced along this closed path is A/1* = — fT' a ^A a dx p , 
from (560) Expand A a (x), Y' ag {x) in Taylor series about 
x‘ 0 = x'(0), and neglecting infinitesimals of higher order, show that 

A A' = x ’ 1 dx s — x 13 dx’< 

where R' aPy is the curvature tensor (see Secs 132, 133, 134). 

137. Parallelism in a Subspace. We start with the Rie- 
manman space, F„, ds 2 = g a p dx a dx ? . If we consider the 
transformation 

x a = x a (u 1 , u 2 , . . , u m ), m < n (562) 

we see that a point with coordinates u 1 , u 2 , . , u m is a point 

of V m and also a point of V„ The converse is not true, for given 
the point with coordinates x 1 , x 2 , , x n , there may not exist 

u 1 , u 2 , , . . , u m which satisfy x a = x a (u x , u 2 , ... , u m ), since 
m < n. Now 

dx a dx^ 

ds 2 = g al 3 dx a dx f — g a p — — du' did 
= h„ du' du ’ 
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so that the fundamental metric tensor in the subspace, V„, is 
given by 

dx“ dx a 
K ~ ^ dm dvJ 

Now dx a = — - dm, so that if du' are the components of a contra- 
st 

variant vector m the V m , dx a are the components of the same 
vector in the V n In general, if a'(u l , ,u m ),i = 1,2, ( 

m, are the components of a contravanant vector in the V m , we 
say that 

dx a 

A a = ~a l a = 1, 2, . . , n (563) 

du' 


are the components of the same vector in the V n 

We now find a relationship between and — , where s is 

Ss Ss 

arc length along the curve u' = u‘(s) or the space curve 

X “ = £«[«*(«)] 

Differentiating (563), we have 

dA a dx a da' d 2 x a du ’ 
ds du' ds dm du' ds 


in—- — — !- ^ u> 

ds ds ° d.R dll> A.Jt dip dip rl o ^ 


Hence 


i r™ \ dxl> du’ 

+ (r W‘“'»S7* 


Ox’ oA a 
^ du k Ss 


da' dm [ dx* dxt Ox’ d 2 x a dx’~\ 

ds ds |_ du' dm du k dm du' du k J 

Ox’ SA a da 1 , du’ , 

g ’ a du k 77 ~ hlk ds + a ' Is hlt ( T ^ h ’ ( see Prob 6 * Sec ' 129 ) 
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Hence 


and 


dxY S A* [da* , /*, is du> ' 

9aa du‘ * S s " fc, ‘[d7 + (r i* )fc0 ‘'d7 


da;' Sa J 

dvr 8s $s 


(564) 


From (564) we see that if a* is parallelly displaced along 
„ 8A l , 8a l 

®“[m‘(s)], that is, if — = 0, then — = 0 Thus the theorem' 

If a curve C lies m a subspace V m of F n , and a vector field in V m 
is parallel along C with respect to V n , then it is also parallel along 
C with respect to V m 


Problems 

1 Prove that if a curve is a geodesic m a V», it is a geodesic in 
any subspace F m of V n Consider the unit tangents to the 
geodesics 

2 By considering 7c fixed, show that — - is a contravanant 

dir 

vector of V n tangent to the u k curve, obtained by considering 
y} f u 2 , . . u k ~ l r u k+1 , , u m fixed in the equations 

x a = ^“(w 1 , , u m ) 

3 If a 1 is parallel along C with respect to the V m , show that 
8A a 

— • is normal to the space V m , that is, normal to the u' curves, 
8s 

i = 1, 2, . . . , m 

4. Under a coordinate transformation u * = u^u 1 , , u m ), 

i = 1, 2, . . . , m, the x a remain invariant Hence show that 


dx a dg af > t 

X - ~ - * ~ dx' X -‘ 


du 3 ’ 


where the covariant derivatives are performed relative to the 
da ' 

metric 7i„, that is, a], = — - + a 4 (rj t )* 
bv? 
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5 Show that + x“x?, k ) + ~ = 0, where 

covanant differentiation is with respect to u' and 7t„ 

6 Show that A“ = a* + z“a* , for each a 

138. Generalized Covariant Differentiation. The quantities 

dx a 

— are contravanant vectors if we consider i fixed, for if 
du' 

x a = x“(u 1 , . , u m ) 

and y a = y a (x l , , x n ), a = 1, 2, , n, then 

dy a dy“ dx ? 
du' dx P du' 


dx a 

showing: that the — transform like a contravariant vector 
6 du' 

dx a 

However, if we consider a as fixed, the — > i = 1, 2, , m, 

du' 

are covanant vectors in the V m , for if u' = u'(u l , ,u m ), 

. 3a;“ du 1 _ , , ^ xl , 

we have - — = We propose to consider tensors of this 

du' du’ du' 

type, Latin indices indicating tensors of the V m , and Greek indices 
indicating tensors of the F„ 

Let us consider the tensor We wish to derive a new tensor 
which will be a tensor m the V r . for Greek indices and a tensor in 
V m for Latin indices We consider a curve C in V m given by 
u' = u'{s) and by x a = x“{s) in V„ Let b' be the components of a 
vector field in V m parallel along C with respect to V m , and let c a 
be the components of a vector field in V n parallel along C with 
respect to 7„ We have 


db' du k 

— + r Jk b> — = o 


ds 

dc, 


ds 


dx » 

d S " r - C ^=° 


(565) 


We now consider the product b'c a A“. In V n this product is 
an invariant (scalar product) for each i, and m V m it is a scalar 
invariant and is a function of arc length s along C Its derivative 
is 
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d „ . . , dAf , , dc a db' 

- (b'c a A?) = b'c a ~ + b'A? — + — c a A“ 

as ds ds ds 


. (dA°. , 

65c ‘(ir + 


. „ dx ? , du k \ 


making use of (565) Since b ’ and c„ are arbitrary vectors, and 

d 

since — {b'c a A°) is a scalar invariant, it follows from the quotient 
law that 


dA° dxP 


, du k 

AT lk — 


(566) 


is a tensor of the same type as A ° We call it the intrinsic deriva- 
tive of A° with respect to $ 

We may write (566) as 




du k 

ds 


dyk / d/Uj^ 

and since this is a tensor for all directions — ( the directions — 

ds \ ds 

of C aie arbitrary), it follows from the quotient law that 


A " = d Al + A « r d -^-AT 

hk ~ du k + ' aS A ' l,k 


c )u k 


(567) 


is the generalized covariant derivative of A ' with respect to the 
V m 

Problems 

1 Why is A* k a contravariant vector in F„? 

2 Show that 


A a = 
A S»,i *= 


— — p»- a* _ T*A a 

Bvf + V ^ Aa 'dW T ' ,A ^ k 


is a mixed tensor, by considering the scalar invariant tyc'd a A% % 

dx a 
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d 2 x a 


as. = 


11 du' du 1 

= x°, + ifc*;*; 


rS*S + 


4 Show that g a px* k x^ -f ff„pas“a^ fc = 0, and show by cyclic 
permutations that = 0 

5. The as“, of Prob 4 are normal to the vectors x%, the tangent 
vectors to the surface Hence the x“ t are components of a vector 
normal to the subspace V m If N' are the components of a unit 
normal to V m) we must have x“ = b t] N a . We call B = b„ du' du 1 
the second fundamental form Show that b,, = g a px° t NP. If 
the V„. is a Euclidean Vi, g„a = 5 a p, show that bn = e, b 12 = f t 
bn = g (see Sec 35) for the subspace r = t(u, v) 

139. Riemannian Curvature. Schur’s Theorem. Let us con- 
sider a point P of a Riemannian space We associate with P two 
independent vectors X“ XJ These vectors determine a pencil 
of directions at P, given by 


£“ = o‘X? + a 2 X" = a'Xf 

Every pair of numbers a 1 , a 2 determines a direction £“ Since 
the geodesics are second-order differential equations, the point P 
and the direction at P determine a unique geodesic. The locus 
of all geodesics determined m this manner will yield a surface. 
In a Euclidean space the surface will be a plane, since the geo- 
desics are straight lines and two vectors determine a plane 
We now introduce normal coordinates y a with origin at P 
The equations of the geodesics take the form y a = £“s, where 

( dy a \ 

— J > and the geodesic surface is given by 
y a = cPsX? + a ! sX 2 

= iPX? + u z X 2 = u’X“ (568) 


j summed from 1 to 2 and u 1 = a l s, u 1 = a 2 s. 

The element of distance on the surface is given by 


ds 2 = h,, du' du* 
and if ds 2 = g a $ dy a dy s for the 7„, then 




b jt _ . 

'du' du,~ g ^ 


(569) 


(569o) 
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where the g ai j represent the components of the fundamental 
metric tensor in the system of normal coordinates 

Now let R v i;i be the components of the curvature tensor for 
the surface S with coordinates u 1 , u 2 Let us note the following 
The g a g of a Riemanman space completely determine the Chns- 
toffel symbols rjf T , which m turn specify completely the Riemann- 
Chustoffel tensor R a p yS Once the metric of a suiface embedded 
in a V„ is determined, we can determine the I'', for this surface, 
and the R,,n can then be determined We need not make any 
reference to the embedding space, F„, to determine the R„u 
It is apparent that the can be determined without leaving the 
surface, so that all results and formulas derived from the h„ are 
intrinsic properties of the surface All we are trying to say is 
that ds 2 = h tJ du 1 die’ is the fundamental metric tensor for a 
Riemanman space which happens to be a surface embedded m a 
Riemanman V„. We shall use Latin indices for the space deter- 
mined by the metric K, and Greek letters for the V n . 

The indices of R„u take on the values I or 2, and from Prob 1, 
Sec 134, we have that 

R 1212 — Rml ~ — Rl221 — “ P 2112 

Run = R 1122 — R 1122 = ■ = Rll 21 = ’ — R 2222 (570) 

- 0 


If we make an analytic transformation, u' = u'(u l , u 1 ), t = 1, 2, 
then 

du a du b du c du d 


R„kl(u ) = Rabcd(u) 


du' du’ dii k du 1 


and 


_ du' du b du‘ du d 

1212 abed ^ 


/ du 1 du 2 du 1 du 2 \ 2 
1212 w pa 2 ~ fra 2 dip) 

by making use of (570) Thus 


R1212 — R 1 


" t( u1 ’ “’M * 

\w’, u 2 / . 


(571) 


( 572 ) 


_ _ dv^ duP 

Moreover, ds 1 = h %1 du' du 1 , and h„ = h ab > so that 

du' du? 
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\h\ = \h\P We rewrite (572) m the form 


72 1212 72l212 /C7Q\ 

£ -iriir <573) 

Equation (573) shows that IC is an invariant, and it is called the 
Gaussian curvature It is an intrinsic property of the surface 
We now determine an alternative form for K in terms of the 
directions X“ and X“ and the curvature tensor foi the V n at the 
point P. The coordinate transformation between the Chnstoffel 
symbols is given by (see Prob 6, Sec 129) 

, . dy“ By* dy dV dy a 

hiT llc (u) = ga„r$ y (y) gul Quk + gafi gu , gyk dul 

which reduces to 

K t V‘ k - (574) 


since 


dy a 

du ] 


-X? 


3V 


= 0, from (568) 


so that KiY l ]k = 0 


1 ’ du k dii 1 

At the point P, T$ y (y) = 0 (see Sec 131), 
or h' m KiT l jk = 1)” = 0 Hence the curvature tensor can be 
written 

Rl212 (P) = hljEj^P) 

'ar ! 21 (P) ai ypf 


= hu " 


du l 


du x 


(575) 


from (538) and (541) 

From (574), h n T l n (u) = ga k T^(y)\ a XK so that at the origin 
of Riemanman coordinates 


Au^-^^XTXSxiXi (576) 

du 2 dy T 

since ~ = g,f = 0 at the origin (Prob 6, Sec 128), 

dy * 

and from (569a) — - = X“X®X* = 0 Similarly 
dir oy y 
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Using (538), (541), (576), (577), it is easy to show that 


B 


1212 


= XfXgXJAJfi 


apyr 


Finally, 


hu hi2 
| h -21 I 122 




\h\ = 

— hit 

L^22 — Jl\ t 

and 






hn 

dy° 
~ 9af> Du' 

W _ 

dv} 

Qad^l^l 


hn 

~ ffotfXjAj 




hu 

= g a ^lA 



so that 






w = 

^1^2^1^2({?<*°(7/9r 

ffoT g&<i) 

Thus 






K = 


Rafl'XXKK 


^1^2^ 1^2 {QaaQfr Qar 


(578) 


(579) 

(580) 


We are now in a position to prove Schur's theorem If at each 
point of a Riemanman space, K is independent of the orientation 
(X“ X“), K is constant throughout the space 
It follows at once if K is independent of X“ X£, that 

Rtx^ar tQPt ffcrri Iflir) 

and so 

RaflaT.p K ,p(.Qaa{IllT QarQfle) 

Rafllitr,7 K ,r(^Qa[t3^7 QaaQPll) 

Rafa n,tr K ar§ fiji QohUPt) 

Adding and using Bianchi’s identity, (543), we have 


K-.fiiQaffQp t {JarQpa) "1" K- ,t(SJ apl] {JaaQPfi) "1“ A lff ({7 arQ&ii Qapd 9 t) 

= 0 

Multiplying the above equation by g w and summing, we have 

A ,,1(1193* Q$t) d - A,t( 9 bm njjfp,,) -b iT (/^ K^g^j — 0 

or 

(n - 2)gp T K jft = (n - 2)K, T g^ 

and gprK^ = gs„K, r , or S^K,? = ^K, r , if n > 2 For n = 2 there 
is no arbitrary orientation 
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If we choose <r = r ^ ja, K :ll = 0 This is true for all p. since u 
can be chosen arbitrarily from 1 to n Hence K = constant 
throughout all of space. Such a space is said to be of constant 
curvature 

Problems 

1 Derive (571) 

2 Derive (575). 

3 Derive (578) 

4 For a V 3 for which g t , = 0, i ^ j, show that if h, i j are 
unequal, 

Rtj — Rthhj 
Qhh 

Rhh = — Rhtxh S Rh])h 

(J\< Qn 

3 


R 


- 1 1 
t-t , a„t 


R, 


1,1 = 1 


QuQn 


1 dR 

5 If It* « g aI R v , show that R"„ = - — 

Z ox* 

6 If i?„ = kg,, (an Einstein space), show that R * g'’R t , = nk, 
or R„ = (R/n)g„ 

7 Show that a space of constant curvature K is an Einstein 
space and that R = Kn(l — n ) 

140. Lagrange’s Equations. Let L be any scalar invariant 
function of the coordinates q\ q 1 , , q", their time deriva- 
tives q 1 , q ! , . . , q n , and the time l 

L = L(q', q\ i) = L{q', q', l) 

If we perform a transformation of coordinates, 

= q a (q\ S 2 . , 7") 


« = 1 , 2 , 
the q l , j' Now 


dq“ , 

, n, then q a = — q s , so that q a is a function of 

dq 11 


dL dL dq“ dL dq a 

dq' dq a dq' dq u dq' 

dL dq“ dL 


~ TZ. 77, d" 


dq a dq' dq a dq 1 dq 3 


7/t ? 


(581) 
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where we consider q' and q l as independent variables mL Now 
also 

dL _ dL d4 a _ dL dq a 
dq ' ~ dq a dq' ~ dq* dq' 

so that 

d (dl> 


r)- — -(-) + (582) 

dq 1 / dq‘ dt \8q a J dq a d(f dq' 


dt \i 


Subtracting (581) from (582), we obtain 

dr 


\ dL 

3q a 

-( 

'jJL\ 

SL 

/ d? ' 

~ dq * 

.dr 


dq a . 


which shows that the 


d ( dL\ dL 


- ) are the components of a 


dt \dq a / dq“ 

covariant vector. 

For a system of particles, let L = T — V, where T is the 

V 1 ( ds \ 2 w 1 „ 

kinetic energy, T = ^ ~ m ‘ \dt ) = Z 2 


^(®li X ll -^l) *S. X 2> X i! 

dV 


,*i) 


is the potential function, = ( F ’ ), Then 

dN, 


(*k\ _M d y 1 sg*e f, d_V 

W ax: dt [ ‘ 3ar t ’ t Z 2 * dx[ 1 ' + 


= m a x\ ' - ( F t )„ if g afi = S aS 

and m s x[ — (F r ), = 0 for a Euclidean space and Newtonian 

mechanics Hence -7 ( — - ) — — vanishes m all coordinate 
dt \dx r J dx] 


systems We replace the x r s by any system of coordinates q 1 , 
q 2 , , q n which completely specify the configuration of the 

system of particles, and Lagrange’s equations of motion are 


d / 6Zj\ dL „ . . 

dt W)“5f = 0 ' r_1 ' 2 ’ (583) 


Example 150 In spherical coordinates, a particle has the 
square of the velocity u 2 = r 2 + r 2 0 2 + r 2 sm 2 6 <p 2 , so that 
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L 

a L 
dr 


Vfl 

T — V — — (r 2 -f r 2 0 2 -f- r 2 sm 2 9 <p 2 ) — V 
2 


m{r& 2 -(- r sm 2 5 ^a 2 ) — 

d ( dL\ _ 
dt \dr ) 


dV 

dr 

mr 


and one of Lagrange’s equations of motion is 

dV 

mr — m(r f) 2 + r sm 2 9 p 2 ) + — =0 

or 

37 

Since — • — represents the radial force, the quantity 
dr 

r — (r6 2 + r sin 2 6 <p 2 ) 
must be the radial acceleration 

If no potential function exists, we can modify Lagrange’s equa- 
tions as follows - We know that T = (m/2)g a px a x fi is a scalar 
invariant, so that 


Qr = 



dT 

dx r 


(684) 


are the components of a covariant vector In cartesian coordi- 
nates, the Q r are the components of the Newtonian force, so that 
Q r is the generalized force vector If f r are the components of the 
force vector in a y 1 -y 2 - ■ ■ -y n coordinate system, then 


and 


Qr 


dr 

dx r 


dv a 

Qr dx r = fee— dx T = f a dy a 
oar 


is a scalar invariant The reader will immediately realize that 
fa dy a represents the differential of work, dW, so that 
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We obtain Q, by allowing x 1 to vary, keeping a 1 , x 2 , , a'- 1 , 

x l+l , . , x" fixed, calculate the work AW, done by the forces, 
and compute 


Q, = 


. AW, 

lim j 

as 1 — *o Ax 1 


i not summed 


Example 151 A particle slides in a frictionless tube which 
rotates in a horizontal plane with constant angular speed w 
The only horizontal force is the reaction R of the tube on the 
particle We have T = (m/2) {r- + r-0 2 ), so that (584) becomes 

rtiT — mrd 2 = Q r 

d 

— (mr 2 6) = Q e (586) 

at 

_ R(r dd) 

with Q r = 0, Qe = — t = rR The solution to (586) is 

ad 

dv 

r = Ae“‘ + Ber*“, R = 2 mu —> since 6 = u. 


Problems 

1 A particle slides m a fnctionless tube which rotates m a 
vertical plane with constant angular speed a> Set up the equa- 
tions of motion 

2 For a rigid body with one point fixed, 

T = iA(o4 + 

Using Eulerian angles, show that if Q f = Q+ = 0, then 

C{ip + cos 6 \p) = R 
sin 2 0 + R cos 0 = S 
A9 — A\J/ 2 sm 0 cos 0 + Ri> sm 9 = Qe 


where R, S are constants of integration 
3. If T = dafiq 1 , 

dL(q, q) 


dT 

, q n )q“<f, show that 2T = — 


4 Define p r = 
<T = 


dq r 

, l n , Vh 


i and assuming we can solve for 
, p„), show that the Hamiltonian 
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H = T + V = h (a constant) 


where V 
show that 


V(q\ . . , q n ), T = a af i 



, q n )q a (f Also 


These are Hamilton’s equations of motion, the p, are called the 
generalized momentum coordinates Show that they are the 
components of a covanant vector. 


5 By extremahzmg the integral f h L(x', x‘, t ) dt, show that 

Jt 0 


Lagrange’s equations result 
6 If the action integial 


A = 



a ta dx ° dx ^ 


d\ 


is extremalized, show that the result yields 

d i dT\ _ _dV 

dt \dx T J dx r dx r 


where T + V = h, the constant of energy The path of the 
particle is the same as the geodesic of a space having the metric 


ds 2 = 2 MQi — V)g«p dx“ dx? 

141. Einstein’s Law of Gravitation. We look for a law of 
motion, which will be independent of the coordinate system used, 
describing the gravitational field of a single particle In the 
special theory of relativity, the line element for the space-time 
coordinates is given by 


ds 2 - —dx 2 — dy 2 — dz 2 + c 2 dt 2 

= — dr 2 — r 2 dd 2 — r 2 sm 2 8 dtp 2 + c 2 dt 2 (587) 


In the space of x, y, z, t, the g a p are constants and the space is 
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flat (Euclidean), so that B' jkl =0 For a gravitating particle 
we postulate that the Ricci tensor R„ vanish (see Probs 5 and 6 
of this section) Since R tJ = Ti n , a four-dimensional space yields 
n(n + l)/2 = 10 equations involving the g„ and their deriva- 


tives From Prob 7, Sec 134, we have R 


1 dR 

2 


where 


R) = g' a R a ,, R = g afi R a p, and for j = 1, 2, 3, 4 the 10 equations 
are essentially reduced to 6 equations 
We assume the line element (due to Schwarzchild) to be of 
the form 


ds 2 = — e x<rt dr 2 — r 2 dd 2 — r 2 sm 2 ff d<p 2 + e'W dt 2 (588) 

so that our space is non-Euclidean We do not include terms 
of the form dr dd, etc , because we expect our space to be homo- 
geneous and isotropic. We have 


0n = -e x , 022 = -r 2 , 038 = —r 2 sm 2 0, 0 14 = e” 

0.7=0, i^] (589) 

and 

gi\ — — e -* } gr 22 = — r~ 2 , 0 33 = — (r 2 sm 2 0) _1 

04i = e --, 0 ” = 0, i ^ j 

Now r; fc = \ r (5 + “ - —)’ since 0 - = 0 for 
t ^ f, we have 

1 , ( 5017 . 50i, 50,i\ 

Th = - 0 l — r -) I i not summed 

,k 2* \dx k dx’ dx') 


If i, j, k are different, then T) h = 0 We also see that 


r > = 1 o’ 1 — 

^ 2 P 5a:' 

P * „*£» 

lk 2 3 3®* 

P = _!»*!?“ 

“ 2 3 dx' 


(590) 


Applying (590), we have 
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2 y dr 


ldX 
2 dr 


r 1 = — -i n 11 
1 2 a — - a 


1 ,, &Qn , 

o? T" " _re 

2 3r 


ri, = - V %33 


3r 


— r sin 2 5 e -x 


44 2 ? 3r 2 6 dr 

r L =-gU— = - 
12 2 y 3r r 


r 2 = - - a" 


, Sgss 
33 


= — sm 6 cos 0 


r!,_ 5 s " ^ = cotl ’ 
r‘ 4 -V a -^=Ii v 

2 V 3r 2 dr 


and all other I”* vanish 
From (539) 


B =«!«_!£•“ , r * r « 
" a* 3x“ + r '“ rft 


J 1 ® 


0 « 


so that 


flr 2 ar 2 ar 1 

Bn = — 12 4 y J if 4. pi pi i p2 p2 i_ p 3 p 3 

dr ^ dr ^ dr ^ 1 n 1 n + 1 ia x 21 + 1 is 1 3i 


(591) 


+ rW - rh(rh + r? 2 4- r? 3 + r} 4 ) 


l /dvV 

rl * s + 2 dr 2 r 2 r 2 + 4 \dr / 


_1_ dX 
2r dr 


ids_id\d* (593) 
2r dr 4 dr dr 


by making use of (591) Hence Einstein’s law Ri, = 0 yields 


„ ldV , 1/dA 2 
11 2dr 2 ' h 4W 


1 d\ dv 1 dX 

A dr dr r dr 
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Similarly 


/Jjs = e * 
i?3s = sin 2 8 e' 
Bu = er~ x 


1 = 0 


+ l r (* ®s)l 

^ 2 w dr/ J 

f , 1 (dv d\\] 

< 593) 

I" 1 d i v 1 / dvV ^ 1 d\dv 1 dv ^ 

j_ — 2 dr 2 4 \drj 4 dr dr r dr J 


Dividing Bu by e*"* and a °- dm K to fi u> we obtam 


dk dv 
dr dr 


or 


X + r = constant — Cj 


We desire the form of ( 588 )> as r-v «, to approach that of 
(587) This requires that X and v approach zero as r approaches 

TT N . -c H nr \ = — a TP mm 7?_. — A nm Vi n trA 

Hence A + 




1 Let 7 = e', so that ~ = - — and 
Xm dr 7 dr 




or 


d7 dr 

1 — 7 r 


and 



(594) 


where 2m is a constant of integration. 
The equations of the geodesics are 

dV dx’ dx k 
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d 2 0 2 dr de 

| sm8 cos » 

ds 2 r ds as 


feV-0 

\ds / 


If 0 = — — = 0 initially, then 6 aa £ satisfies (595) and the 
2 as 2 

boundary conditions 
We also obtain 

£ +r “(f)’ +r “(sy +ri ‘(i)‘-° 

or 

^ + - - (-Y - re- feV + i e- £ Y = 0 (596) 

ds 2 T 2 dr \ds/ \ds / 2 dr \ds/ 


making use of 0 = ir/2 
Also 


+ 2r?3T„X=0 or -J + -_f=0 (597) 


£ + or 3r 1 + x^-0(««) 


dV ^ 2dr d<p 
ds 2 r ds ds 
d 2 £ dv dt dr 
ds 2 dr ds ds 


Integrating (597) and (598), we obtain 

r 2 y? - h (599) 

as 

log + v = log c or ~T ~~ (600) 

ds ds y 

where h and c are constants of integration Equation (588) 
becomes 

ds 2 = — - dr 2 — r 2 d<? 2 + y d< 2 
7 

or 

or 
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or 


/h dr\* h 2 2m 2m h 2 

V'di) -‘ + T + T7. 

and writing u = 1/r, we obtain 

/cZwV c 2 — 1 , 2 m , , 

U/ +u = ^r + ¥ w+2mw 

and differentiating, we finally obtain 


d 2 « , m , „ 

^ + «= rj + 3mu 2 


(601) 


We obtain an approximate solution of (601) in the following 

manner We first neglect the small term 3 mit’ = 3m/r 2 , for large 

_ , , , d 2 u m . 

r The solution of -r— + w = — is 

d<p* ft 2 

1 m ri i t Vi 

- = M = [1 + e cos - to)] 

where e, to are constants of integration. This is Newton’s solu- 
tion of planetary motion We substitute this value of u in the 
term 3 mu*, and we obtain 

d*u m , 3 m 3 , Cm 3 . . 

v + “*P + 'i r + "i r ' ,oos(, ’“" ) _ 

+ [1 + cos 20p - «)] 

We now neglect certain terms which yield little to our solution 
and obtain 

d 2 w m , 6m 3 . . 

— h u = — + — e cos (?> - w) 

h 2 h* 

From the theory of differential equations the solution of our new 
equation is 

m f . . . 3 in 2 , .1 

w = — I 1 + e c °s («» — «) + e? sin W - <*>) J 


77V 

= — [1 + « cos (w - a - *)], 
hr 

where « = (3 m 2 /h?)<p and e 2 is neglected. 


approximately 
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When the planet moves through one revolution, the advance 
of the perihelion is given by 3(w + t) — (3m 2 //i 2 ) &<p = Q-rrm^/h 2 
When numerical results are given to the constants, it is found 
that the discrepancy between observed and calculated results on 
the advance of the perihelion of Mercury is removed 

Problems 

1 Derive (591). 

2, Derive (593). 

3 For motion with the speed of hght, ds = 0, so that from 
(599), h = oo, and (601) becomes 

d 2 u 

— + u = 3 mu 2 (602) 

dtp 2 

Integrate — + u = 0, replace this value of u in 3 mu 2 , and 
ap 2 

obtain an approximate solution of (602) in the form 


u 


COS ip 

~ir 


m 


+ — (cos 2 ip + 2 sm 2 


v) 


where B is a constant of integration Since u = 1/r, x — r cos ip, 
y = r sin < p, show that 

- g R ■ m . + 2y2 
R (x 1 + y 2 )* 

The term ( m/R ) (r 2 + 2y 2 )/(x 2 + ?/)* is the small deviation of the 
path of a light ray from the straight line x = R The asymptotes 
are found by taking y large compared with x Show that they 
are x — R + (m/R) ( ± 2 y) and that the angle (m radians) 
between the asymptotic lines is approximately 4 m/R This is 
twice the predicted value, on the basis of the Newtonian theory, 
for the deflection of light as it passes the sun and has been veri- 
fied during the total eclipse of the sun 
4 If = a g„ is taken for the Einstein law, show that if 
7 = e v , then 7=1- (2m/r) - i«r 2 and 


d 2 w 

d/p 2 


m „ „ la 

+ u=- + 3 


5. Assume the following ds 2 = g a p dx a dx?, g af) = 0 for a ^ (3, 


dx i 


ds 
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\p 

— = + constant 

c 2 


x l = x, x 2 = y, x 3 
geodesics reduce 


— z, = ct Show that the equations of the 


to Newton’s law of motion 


d 1 : r* 

IF 


d\p 


i = 1, 2, 3 

6 With the assumptions of Prob 5 show that R u - 0 yields 
Laplace’s equation VY = 0. 

142 Two-point Tensors. The tensors that we have studied 
have been functions of one point Let us now consider the 
functions gq,g(xi, F which depend on the coordinates of two 
points We now allow independent coordinate transformations 
at the two points M i(x}, xl, . , xfj, M 2 (x\, x\, x\, . , xl) 

If in the new coordinate systems Si, x-_ we have 


dx'' dXa 

£7a gOh, Xl) = !7)J,»(®1| £ 2 ) Tig 
02)i uJo 


(603) 


then the g a g are the components of a two-point tensor, a covariant 
vector lelative to Mi and a eovanant vector relative to Mi 
Indices preceding the comma refer to the point Mi, indices 
following the comma refer to M 2 If we keep the coordinates of 
Mi fixed, that is, if x\ ss x), then (603) reduces to 


Q«AF F = £r„g(z i, Xi) (604) 

OXj 

so that relative to Mi, g a ,$ behaves like a covariant vector A 
similar remark applies at the point M 2 

We leave it to the reader to consider the most general type of 
two-point tensor fields We could, indeed, consider a multiple 
tensor field depending on a finite number of points. What 
difficulties would one encounter for tensors depending on a count- 
able collection of points? 

We may consider a two-pomt tensor field as special one-pomt 
tensors of a 2n-dimensional space subject to a special group of 
coordinate transformations 
The scalar invariant 

ds l = g,A x h Xi) dxl dxf (605) 

is an immediate generalization of the Riemann line element 
Indeed, when xi and x t coincide, we obtain the Riemann line 
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element, Assuming ds 2 > 0 for o- g t g /3, we can extremalize 
r re / dxi cfefV , 

! ds = L{ g ^^) dt t 00 ®) 

and obtain a system of differential equations 



x\ 

+ IV 


+ CS, 

fjXlrf: 

= 0 


x\ 

+ rv 


+ c* 

/>&l 

= 0 

where 







rv, 

, _ dQa.tr 

r;V 

- 0"' 

dxl 



rn, 

n ,e( dg '’i> 

dg*. A 


ft,* - 


f dg>i,v 


~ 9 

9x 2 ) 



g “' \ 




dx\ 





r‘%.1 

= 5;5, X! = 

ds 






(607) 


The unique solutions of (606), x\{s), x* 2 (s), subject to the 
initial conditions xi(so) = <x‘ 0) x’ 2 (s 0 ) = |3* 0 , xi(s 0 ) = a), x 2 (ao) = p\, 
are called dyodesics, or dyopaths. 


Problems 

1 Derive (607) 

2 Show that the C£j(xi, x 2 ) are the components of a two-point 
tensor, a mixed tensor relative to Mi, and a covariant vector 
relative to M 2 . 

3. Show that the law of transformation for the linear connec- 
tion Taft, is 


IV (Si. Zz) 


Y^[x u x 2 ) 


dx\ dx\ dx\ d~Xi dx[ 
dS“dx{d^ + Sx“ dxf dx$ 


4 Show that r^_ = 1%, if and only if g afi — — where 

dx 1 

<p,p(x i, x 2 ) is a scalar relative to Mi and a covanant vector rela- 
tive to M 2 If also = r;£ a , show that of necessity 

- 

dx* dx 2 

where ^ is a scalar relative to both M\ and Mj. 
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5 If 

ds* _ _ e x j,r i dr, - d<pi dip, + e" dU <U» 

r mM 2 11 f i n*M 11 

e ~l {m + MY ri\ [ [m + M) 2 r 2 J 

' , °( 1 + h)( 1+ £) 

e \ = e *-» 

shoff that the two-pomt tensors 


- C*,f3 


U/S 


dCZfi 

ar* 

w 1 cur, 

dx\ 

0Xj 

dT% 


3a? 

a*5 


vanish identically (m, M are constants) Show that the dyo- 
desics satisfy 

dpt 

rir 2 — = 

ds 

nr, ~ = 
ds 


dh 

ds 

dt, 

ds 


= Cie-’ 
= C,e~ l 


d? v 

df 


i + -fl + 

h L 


Mm 


[t + {m/M)Yh{ 


M 


u + (m/M))X 


+ 3Mc s 


1 + 


Mm 


(m + M)\ 


provided that Mr, ^ mn, v = 1/f „ ix = W For m « M, 

Mm/ht « 1, we have g ■ + . - | Einstein solu ' 

tion for the motion of an infinitesimal particle moving in the field 
of a point gravitational mass M 
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A 

Acceleration, angular, 186 
centripetal, 30-31, 184 
Coriolis, 210-211 
linear, 30, 184, 210-211 
Action integral, 328 
Addition, of tensors, 275 
of vectors, 2 

Angular momentum, 196-200 
Angular velocity, 22 
Arc length, 71, 100 
Archimedean ordering postulate, 92 
Arcs, 98 

rectifiable, 98, 100 
regular, 98 

Arithmetic n-space, 268-269 
Associated vector, 281 
Associative law of vector addition, 3 
Asymptotic directions, 81 
Asymptotic lines, 81 
Average curvature, 78 

B 

Bernoulli’s theorem, 234r-235 
Bianchi’s identity, 308 
Binormal, 58, 312 
Biot-Savart law, 163 
Boundary point, 90 
Boundary of a set, 91 
Bounded set, 89 
Bounded variation, 99 

C 

Calculus of variations, 83-85 
Cartesian coordinate system, 280, 
292 

Cauchy-Riemann equations, 122 
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Cauchy’s criterion for sequences, 97 
Cauchy’s inequality, 13 
Center of mass, 194 
Centripetal acceleration, 30-31, 184 
Ceva’s theorem, 8 
Characteristic curves, 69 
Charges, 127 
moving, 146 

Christoffel symbols, 289-293 
law of transformation of, 290-291 
Circulation, 238 
Closed interval, 89 
Closed set, 91 

Commutative law of vector addi- 
tion, 3 

Complement of a set, 90 
Components of a tensor, 274 
Components of a vector, 8, 270-271 
Conductivity, 162 
Conductor, 128 

field in neighborhood of, 130-131 
force on the surface of, 131 
Conformal space, 294 
Conjugate directions, 80 
Conjugate functions, 122, 143 
Connected region, 102-103 
Conservation of electric charge, 162 
Conservative field, 103 
Continuity, 95 
equation of, 231-232 
uniform, 95 

Contraction of a tensor, 275-276 
Contravanant tensor, 274-275 
Contravanant vector, 270-272 
Coordinate curves, 52 
Coordinate system, 9, 269 
Coordinates, geodesic, 303-305 
Eiemannian, 305 
transformation of, 269 
Coriolis acceleration, 210-211 
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Couple, 197 

Covariant, differentiation, 295-296 
generalized differentiation of, 318- 
319 

Covariant tensor, 274^275 
Covariant vector, 273 
Curl, 45, 55, 297, 300 
of a gradient, 46, 297 
Currents, displacement, 168 
electric, 161-162 
Curvature, average, 78 
of a curve, 58, 311 
Gaussian, 78, 322 
hues of, 78 

Riemanman, 307, 320-323 
tensor, 306-307 
Curve (see Space curve) 

Curvilinear coordinates, 50, 70 
curl, divergence, gradient, Lapla- 
cian m, 54-55 

D 

D'Alembertian, 178 
Del (V), 40 

Deflection of light, 334 
Deformation tensor, 246 
Desargues’s theorem, 7 
Derivative, covariant, 295-296 
intrinsic, 297-298 
of a vector, 29 
Determinants, 263-267 
cofactors of, 264 
derivative of, 266 
multiplication of, 264 
Developable surfaces, 70 
Diameter of a set, 93 
Dielectrics, 135-136 
Differentiation, covariant, 295-296 
generalized covariant, 318-319 
rules, 32 
of vectors, 29 
Dipole, 157-158 
energy of, 158 
field of, 158 
magnetic, 160-161 
moment of, 157 
potential of, 157 


Direction cosines, 13 
Directional derivative, 38, 297 
Discontinuities of D and E, 138- 
139 

Displacement current, 168 
Displacement vector, 136 
Distributive law, 3, 11, 21 
Divergence, 42, 54, 120, 297-298 
of a curl, 46 
of a gradient, 44 

Divergence theorem of Gauss, 114— 
120, 299 

Dot, or scalar, product, 10 
Dynamics of a particle, 189 
Dynamics of a system of particles, 
194 

Dyodesies, 336 

E 

Edge of regression, 69-70 
Einstein, Albert, law of gravitation, 
328-329 
space, 324 

special theory of relativity, 283- 
286 

summation notation, 259 
Emstein-Lorentz transformations, 
283 

Electric field, 127 
discontinuity of, 138 
polarization of, 158-159 
Electromagnetic wave equations, 
170-173 

Electrostatic dipoles, 157-158 
Electrostatic energy, 136-138 
Electrostatic field, 127 
Electrostatic flux, 128 
Electrostatic forces, 127 
Electrostatic intensity, 127 
Electrostatic polarization, 158 
Electrostatic potential, 128 
Electrostatic unit of charge, 127 
Electrostatics, Gauss’s law of, 128 
Green's reciprocity theorem of, 
139-140 

Ellipsoid of inertia, 226 
of strain, 245 
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Energy, equation for a fluid, 236-236 
of electromagnetic field, 176 
of electrostatic field, 136-138 
kinetic, 201 
Envelopes, 69 

Equation, of continuity, 231-232 
of gauge invariance, 177 
of motion for a fluid, 233-236, 
302-303 

Equipotential surfaces, 129 
Euclidean space, 8, 279, 308-309 
Euler’s angular coordinates, 219-221 
equation of motion, for a fluid, 233, 
302-303 

for a rigid body, 216-217 
Euler-Lagrange equation, 85 
Evolutes, 66 

F 

Faraday’s law of induction, 167 
Field, 9 

conservative vector, 103 
noneonservative vector, 104 
solenoidal vector, 117 
steady, 9 
uniform, 10 
Fluid, 230 

general motion of, 236-238 
Force moment, 196-200 
Foucault pendulum, 213-215 
Frenet-Serret formulas, 60, 311-312 
Functions of bounded variation, 99- 
100 

conjugate, 122 
continuous, 95 
properties of, 96 
harmonic, 123 

Fundamental forms, first, 71 
second, 74^75 

Fundamental planes, 62-63 
normal, 62 
osculating, 62 
rectifymg, 63 

G 

Gauge invariance, 177 
Gauss, curvature, 78, 322 


Gauss, divergence theorem of, 114- 
120 

electrostatic law of, 128 
Generalized force vector, 326 
momentum, 328 
Geodesic coordmates, 303-305 
Geodesics, 83, 288-289 
minimal, 294 

Gradient, 36, 120, 273, 297 
Gravitation, Einstein’s law of, 328- 
329 

Newton’s law of, 190 
Green’s formula, 118, 299-300 
Green’s reciprocity theorem, 139- 
140 

Gyroscope, motion of, 222-225 

H 

Hamilton’s equations of motion, 328 
Harmonic conjugates, 123 
functions, 123, 143 
Heme-Borel theorem, 94 
Helix, 60 
Hooke’s law, 249 
Hypersurfaces, 282 

I 

Images, method of, 141-143 
Induction, law of, 167 
Inertia, moment of, 216 
product of, 216 
tensor, 225-228 
Inertial frame, 211 
Infemum, 92 

Inhomogeneous wave equation, 177 
solution of, 178-182 
Insulator, 129 
Integral, lme, 101, 103-105 
Bremann, 101 
Integrating factor, 111 
Integration, of Laplace’s equation, 
145 

of Poisson’s equation, 155 
Interior point, 90 
Interval, closed, 89 
open, 89 
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Intrinsic equations of a curve, 63 
Invariant, 271 
Involutes, 64 
Irrotational motion, 232 
Irrotational vectors, 107, 111 

J 

Jacobian, 49, 265 
Jordan curves, 98 

K 

Kelvin’s theorem, 239 
Kepler’s laws of planetary motion, 
191-193 

Kinematics, of a particle, 184 
of a rigid body, 204-207 
Kinetic energy, 201 
Kirchhoff’s solution of the inhomo- 
geneous wave equation, 178-182 
Kronecker delta, 260-262 

L 

Lagrange’s equations, 324^327 
Laplace’s equation, 123 
integration of, 145 
solution in spherical coordinates, 
146-149 

uniqueness theorem, 119 
Laplacian, 45, 298-299 
in cylindrical coordinates, 55 
in spherical coordinates, 56, 299 
Law of induction, 167 
of refraction, 139 
Legendre polynomials, 148-149 
Legendre’s equation, 148 
Limit point, 90 
Line, of curvature, 78 
element, 279 
of Schwarzchild, 329 
of force, 132 
integral, 101, 103-105 
Linear function, 3 
set, 89 

Liquids, general motion of, 233-234 
Lorentz’s electron theory, 175-177 
transformations, 61, 283 


M 

Magnetic dipole, 160-161 
effect of currents, 162-164 
Magnetostatics, 160 
Mass of a particle, 189, 285 
Maxwell's equations, 167-169 
for a homogeneous conducting 
medium, 173 
solution of, 169-173 
Menelaus’ theorem, 8 
Meusmer’s theorem, 75 
Minkowski force, 285 
Moment of inertia, 216 
Momentum, 196 
angular, 196-200 
generalized, 328 
relative angular, 199-200 
Motion, in a plane, 33 
irrotational, 234 
relative, 187-188 
steady, 234 
vortex, 238-239 
Moving chargee, 161-162 
Mutual induction of two circuits, 
165-166 

N 

Navier-Stokes equation, 255-257 
Neighborhood, 90 
Newton’s law of giavitation, 190 
Newton's law of motion, 189, 211 
Nonconservative field, 104 
Normal acceleration, 184 
plane, 62 

to a space curve, 68, 311 
to a surface, 73, 109 
Number triples, 15, 268-269 

O 

Oersted, magnetic effect of currents, 
162-165 

Ohm’s law, 162 
Open interval, 89 
Open set, 90 

Orthogonal transformation 292-293 
Osculating plane, 62 
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P 

Parallel displacement, 313-315 
Parallelism in a subspace, 315-317 
Parametric lines or curves, 71 
Particle, acceleration of, 30, 210 
angular momentum of, 196 
dynamics of, 189 
kinematics of, 184 
mass of, 189, 285 
momentum of, 196 
Newton’s laws of motion for, 189, 
211 

rotation of, 22 
velocity of, 30, 184, 209 
Particles, system of, 194 
Perihelion of Mercury, 334 
Permeability, 160 
Planetary motion, 190-193 
Point, 89 
boundary, 90 
interior, 90 
limit, 90 

neighborhood of, 90 
set theory, 89 

Poisson’s equation, 132-134 
integration of, 155 
Poisson’s ratio, 249 
Polarization, 158-159 
Potential, of a dipole, 157 
electrostatic, 128 
vector, 117 
velocity, 232 
Power, 162 

Poyntmg’s theorem, 174-175 
Poyntmg's vector, 175 
Pressure, 230 

Principal directions, 77-78 

Q 

Quadratic differential form, 280 
Quotient law of tensors, 276 

R 

Radius of curvature, 24 
Recapitulation of differentiation 
formulas, 48 
Reciprocal tensors, 281 


Rectifying plane, 63 
Refraction, law of, 139 
Regions, connected, 102 
simply connected, 102-103 
Regular arcs, 98 
Relative motion, 187-188 
time rate of change of vectors, 208 
Resistance, electric, 162 
Retarded potentials, 178-182 
Ricci tensor, 307 
Riemann integral, 101 
Riemanman, coordinates, 305 
curvature, 307, 320-323 
metric, 280 
space, 280 

geodesics in, 288-289 
hypersurface in, 282 
Riemann-Christoffel tensor, 307-308 
Rigid bodies, 203 
motion of, 215-225 

S 

Scalar, 1 

curvature, 307 
gradient of, 36, 273, 297 
Laplacian of, 45, 298-299 
product of vectors, 10, 273-274 
Schur’s theorem, 323-324 
Schwarzchild line element, 329 
Second fundamental form, 7dr-75 
geometrical significance, 75 
Sequence, 97 

Cauchy criterion for convergence 
of, 97 

Set, 89 
bounded, 89 
closed, 91 
complement of, 90 
countable, 93 
diameter of, 93 
mfemum of, 92 
limi t, pomt of, 90 
linear, 89 
open, 90 
supremum of, 91 
theorem of nested, 93 
Simply connected region, 102 
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Sink, 231 

Solenoidal vector, 117 
Solid angle, 160 
Source, 231 
Space, conformal, 294 
Space curve, 31 
arc length of, 100-101 
curvature of, 58, 311 
intrinsic equations of, 63 
Jordan, 98 
on a surface, 72 
radius of curvature of, 58 
tangent to, 31, 58, 311 
torsion of, 59, 312 
unit bmormal of, 59, 312 
unit principal normal of, 58, 311 
Space of n-dimensions, 268-269 
Special theory of relativity, 283-286 
Spherical coordinates, 35, 50 
indicatrix, 68 
Steady field, 9 

Stokes’s theorem, 107-112, 300-301 
Strain, ellipsoid, 245 
tensor, 243-246 
Streamline, 234 
Stress tensor, 246-248 
Subtraction of vectors, 3 
Summation convention, 259 
Superscripts, 14, 259 
Supremum, 91-92 
Surface, 70 
arc length on, 71 
asymptotic curves on, 81 
average curvature of, 78 
conjugate directions on, 80 
curves on, 72 
developable, 70 
first fundamental form of, 71 
Gauss curvature of, 78 
geodescis of, 83 
normal to, 73, 109 
principal directions on, 77 
second fundamental form of, 74 

T 

Tangent to a space curve, 31, 58, 311 
Tangential acceleration, 184 


Tensor, components of, 274 
contraction of, 275-276 
contravariant, 274-275 
covariant, 274-275 
curvature, 306-307 
deformation, 246 
inertia, 225-228 
mixed, 275 
Ricci, 307 

Riemnnn-ChristoSel, 307-308 
strain, 243-246 
stress, 246-248 
two-pomt, 335 
weight of, 275 
Tensors, 274-278 
absolute, 275 
addition of, 275 
cross product of, 278 
outer product of, 278 
product of, 275 
quotient law of, 276 
reciprocal, 281 
relative, 275 
Theorem, of Ceva, 8 
of Desargue, 7 
of Menelaus, 8 
Top, motion of, 222-225 
Torque, 196-200 

Torsion of a space curve, 59, 312 
Transformation of coordinates, 269 
Trihedral, 59 
Triple scalar product, 23 
Triple vector product, 24 
Two-pomt tensors, 335 

U 

Uniform continuity, 95 
Uniform vector field, 10 
Uniqueness theorems, 119 
Umt charge, 127 

Y 

Vector, associated, 281 
basis, 3, 8 
center of mass, 194 
components of, 8-9 
conservative field, 103 
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Vector, eontravariant, 270-272 
covanant, 273 
curl of, 45, 55, 297, 300 
definition of, 1 
differentiation, of, 29 
displacement, 136 
divergence of, 't2, 54, 120, 297-298 
field, 9 

irrotational, 107, 111 
length of, 1, 281 
operator del (V), 40 
physical components of, 272 
potential, 117 
solenoidal, 117 
space, 268-269 

suinjif a solenoidal and an lrrota- 
tional vector, 156-157 
unit, 1, 281 
zero, 1 

Vectors, addition of, 2, 275 
angle between two, 10, 281-282 
differentiation of, 29 
equality of, 1 
fundamental unit, 8 
lmear combination of, 3 


Vectors, parallel, 2, 314 
parallel displacement of, 313-315 
scalar, or dot, product of, 10, 273- 
274 

subtraction of, 3 
triple scalar product of, 23-24 
triple vector product of, 24-25 
vector, or cross, product of, 20-23 
Velocity, angular, 22-23 
linear, 30, 184, 209 
potential, 232 
Vortex motion, 238-239 

W 

Waves, equation of, 170 
inhomogeneous equation of, 177 
longitudinal, 253-254 
transverse, 172, 253 
Weierstrass-Bolzano theorem, 92 
Work, 103, 202 

Y 

Young’s modulus, 249 



